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PREFACE. 


To  prCTcnt  ft  powiblo  inieappreheniiion  in  M^icntific  qnar- 
tcrs  tlib  author  dcsirus  it  uiiduretood  lliat  t!iu  pnM'Dt  n-ortc 
if  not  cl«eigned  either  to  inatract  tlic  prnfeasional  invusli- 
gttor  Or  to  train  the  special  etudent  nf  atttnmoiuy.  \ti  main 
object  is  to  present  the  gonc'ral  funding  pnltlic  wtlfa  a  con- 
densed view  of  tlte  litfltory,  mcthodtt,  iind  rei)nlt«  of  astro- 
iiouii<.'al  roMarcfa,  e«ptvial1y  in  thu»c  licIcU  whicli  an;  of  most 
popuUr  and  philosophic  intoreet  at  the  present  daj,  coiidicd 
iu  such  tangun^  as  to  l)c  intelligible  without  iiiathenuticAl 
Mndy.  He  lio[)c«i  Iliat  tlie  earlier  cliaptem  will,  for  the  most 
part,  be  readily  luiderfitood  by  nny  on«  haviti-;  dear  georaet- 
riwil  Ideas,  and  that  the  later  (mes  will  be  intellipible  tfi  all. 
To  diuini&li  the  difficulty  whic-h  the  render  niny  ciicouitter 
-Irom  the  twavoidahle  occasional  use  of  teclmical  termH,  a 
Glocnrj  tins  tN>vn  added,  inchidin-;,  it  is  tielieved.  nil  that 
arc  UKd  in  the  present  work,  an  well  as  a  number  of  others 
which  may  Iw  met  with  cI*ewhcro, 

Rcspcctinp  tlio  gonewl  scope  of  tho  work,  it  may  be  said 
that  tho  historic;  and  philosophic  Mdet*  nf  the  subject  tiave 
been  treated  with  greater  fulnew  than  iK  u^iial  in  work»  of 
thi#  cltnrnctcr,  while  tho  purely  technical  «idu  hju  boon  pro- 
portionately condensed.  Of  tho  four  parts  into  which  it  is 
divided,  the  tirat  two  trent  of  the  methods  by  whidi  the  mo- 
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tions  and  the  tnntual  rolstiuns  of  the  heavenly  hudics  luivo 
buen  invcatigatetl,  and  of  the  rcftiilte  of  such  )iivu«ligiition, 
while  in  the  la»t  two  the  iitilividiiiil  p(.-ailiaritiL-«  of  llioso 
budies  nrc  «oni»idcrc(l  in  gruatL-r  dvtail.  Tliu  subject  of  the 
((oneml  etractnre  sud  probable  development  of  the  univoree, 
wiiivh,  in  fitrictiic^  might  be  conudered  a«>  belonging  to  tho 
llrMt  part,  is,  of  noccwily,  tivat«d  last  of  all,  because  it  re- 
quires all  the  light  that  can  lie  thrown  ujwn  it  from  e\'ery 
available  source.  Matter  admitting  of  prettentation  in  tabular 
form  hs»,  for  the  mo«t  part,  been  collected  in  tho  Appuudix, 
where  will  bo  found  a  uumbur  of  brief  articles  for  llie  nse 
of  both  the  general  reader  and  the  amateur  astronomer. 

Tho  autlior  liiw  to  acknowlcd}^  the  honor  done  him  by 
several  emiuout  astronomers  in  making  lii<i  work  mom  L-onb 
plcle  and  interesting  by  their  contributions.  Owing  to  the 
great  interest  whidi  now  attaches  to  the  question  of  tho  con- 
Mitutioii  of  the  sun,  and  the  rapidity  with  which  our  knowl- 
edge in  this  direction  is  advancing,  it  was  tleemed  desirable 
to  present  tlie  latest  views  of  tho  moat  distinguished  investi- 
gators of  this  subject  from  Ibeir  own  jiens.  I-'onr  of  thesu 
gciiUcnicn— liov.  Father  Secchi,  of  Rome ;  M.  Fiiye,  of  Paris ; 
Professor  Young, of  Dartmouth  College;  and  Professor  Lang- 
ley,  of  Allegheny  Observatory— liavc,  at  tho  author's  request, 
presented  brief  e.ipoeition8  of  Uieir  tlioorie^i,  which  will  be 
found  in  their  own  language  in  the  chapHir  on  the  siitt. 
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TO  THE  8BVENTK  EDITION. 


Tuif  favor  with  wliicb  cbi^  work  has  been  reoekod  by  tlic 
public  bas  lod  the  aatbor  and  ptib1Ub«i-a  to  give  it  a  sixth  n- 
risiun,  in  ordef  to  iiiclitdi:  tbc  Iittoat  rcfulU  of  Mti'onoinical 
rL-*carch.  Tliu  subjucte  wliidi  wore  added  {>i  preceding  edi- 
tions comprised  Br.  Draper's  investigntiotis  on  Ibe  cxietonce 
of  oxjgen  in  Ihestin  ;  .Iiinj^Mn's  new  inetiiodof  pbotograpliing 
ttie  Biin;  tlie  coiicl unions  from  recent  luliil  ecliptcs;  tlie  pro- 
liminary  results  of  the  Briiisii  observations  of  tlio  luto  transit 
of  Venus,  as  well  as  of  otiier  metlioda  of  dotermining  tlio 
solar  paraDux;  ttio  diicovorj  of  tbc  8.-ttc11ilcH  of  Marii;  tlio 
transit  of  Venn*  of  December  61I1, 188S ;  recent  dovclopincntB 
ill  eoinetorj?  astronomy;  Pivfcssor  Ijingley's  rescai-chca  on 
1I10  light  and  beat  radliCed  by  tbo  sun ;  and  tbc  completion 
of  several  of  tbe  greatest  teleaoopes  ev«r  made,  ini;ludiiig  ibat 
of  tbe  Lick  ol)ecrvntory  in  California,  The  subject  of  greatest 
interest  now  inelnded  for  tbo  tiist  time  is  the  determination  of 
tbe  motion  of  certain  stara  Ity  Vogel,  Pickering,  and  Chandler. 
Tbe  intention  bas  been  to  bring  tbe  work  up  to  date  in  nil 
important  points,  and  it  is  hoped  that  tho  general  rcftder  nil! 
find  in  it  tbc  fnllcat  practicable  explanation  of  every  branch 
of  the  subject  whicti  o.in  interest  him. 

WAHMiinytQii.  Martk.  1608. 
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POPULAR  ASTRONOMY. 


PART  I.~TnE  SYSTESf  OF  TUE    WORLD 
HISTORICALLY  VEVMLOl'ED. 


INTRODUCTION. 

ABTBOxour  18  tlie  inoBt  ancient  of  tbo  piiytiical  6cioiicc«,  bo 
ing  diMitiopUflieil  umon^  litem  by  ilt  »Iow  mid  progreMive 
ilRvolojinieiit  frnin  tbe  eitrliest  agies  niitil  tlie  preecii:  time. 
In  no  other  evicnco  liae  cacli  gctieratioti  n-bic)i  advanced  it 
boon  Ro  inucb  indebted  tu  ii«  prcdecc&tore  fur  both  tbo  fiKt« 
and  the  idenN  nvoi^sMry  to  iiinke  tia'  advnneo.  Tbo  eoticeplion 
of  a  globnlar  and  moving  earth  piiiiining  tier  coiinie  throngli 
tlie  oelostial  «)>at:«fl  among  hor  sl&tor  planets,  wliii;h  we  sto  as 
etan,  i^  nne  to  the  entii-e  evolution  of  u-hiu]i  no  niw  mind  nitd 
no  one  a^  can  Uy  claim.  It  n-as  the  i-esiilt  of  a  gradual 
prucesa  of  education,  of  wliicth  the  Eidijout  was  imt  nn  indi- 
vidual, bnt  the  bnnian  race.  The  !*i'eat  n»tt'oiiomci'»  of  all 
nj;ue  liavo  built  npon  foundations  laid  by  their  predeeeeeoi's ; 
and  when  wc  attempt  to  scarcli  out  tlio  lint  fomidor,  wo  find 
oureelves  lost  in  tito  mista  of  anli()iiity.  The  theory  of  nni- 
vcKal  gravitation  vms  fonndcO  by  Newton  u|M>n  the  laws  of 
Koplor,  the  obaen'ations  and  mCMurcmcnta  of  hi*  French  von* 
(empomricB,  and  the  geomelrv  of  Apolloniit^i.  Kepler  nsod 
aa  his  material  (]ie  obecrvatioiia  of  Tyeliu  Bralie,  and  built 
npon  the  theory  of  Copemioni.  When  vre  seek  the  oi-ipin  of 
(lia  instruments  used  by  Tycho,  we  soon  find  ourselves  among 
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the  itR-diiL-val  Arabs.  Tbc  discovery  of  tlio  truu  evittcin  of 
tlio  wuiUi  by  < '»i(tTiiicii«  wns  only  ]>o«iiiblc  hy  n  cnrcfiil  sliuly 
of  the  laws  of  ajipaietit  motion  uf  ihu  |i1a)icU  as  cxpivs&ed  in 
tbo  cpiuyuli-s  uf  Ptolviny  iiiid  lli]i|>ii]'diiii«.  littlt'i-d,  thu  iiiuro 
ciii-efiilly  one  fttiidies  the  great  work  of  Copcmit-iis,  ihe  inoru 
6uritiiaL-<l  he  will  be  to  find  bow  coiiiplotcly  Ptoleuiy  f in-nUliet] 
Liiii  butb  ideiut  niid  mnruriitl.  If  wc  svok  tbc  toiubci's  and 
pR'dpctnbiDrit  uf  Ui]>{>ai'cliiis,  we  liiid  only  tbe  sbaduu-y  Conns 
of  Kgy|>tian  and  iJabylouiim  priests,  whoge  iiameii  and  wriliiij^ 
are  ull  vntiiely  lu^t.  Ili  the  vaibcftt  bislunc  n^tw.  lueli  knev 
that  llic  uii'tb  wu«  round;  ibnt  the  »tin  iii>|)eared  tit  make  un 
annual  revoluliun  among  the  alure;  and  that  edi|R.t.»«  wci-u 
canned  liy  the  niuou  uiitcriug  tlio  eliadow  of  tlie  cartli,  or  tlie 
OBi-lh  thai  of  the  mui^n. 

Indeed,  eaeh  of  tlie  gi'cat  cinlizatiuns  of  tbe  ancient  world 
eeeiiis  to  (ntvu  bad  its  own  syetuni  of  a^ti'uminiy  eitungly 
marked  by  tltu  )ieenliar  cbaractcr  of  the  pcuple  anion;;  wltmii 
it  wu»  fontid.  Severn!  events  reeoi'ded  in  tlio  aniialii  of  Cliiini 
allow  that  tbe  ntoveincnts  of  tbc  ftun  and  the  laws  of  <><-li[wcs 
were  Btndied  in  tliat  conntry  at  a  very  early  age.  Some  of 
thi'60  OT'CiitB  ni..[it  bo  L>ntircly  raytbieal;  ufi,  for  instariiw,  the 
desjmtch  of  uelnniomeiii  to  the  four  joints  of  tbe  conipiuH  for 
the  [)nr|>060  nf  deteiminin^  the  eqninoxes  and  soletieee.  But 
tlicro  i»  anotber  event  wbiub,  even  if  wu  plneo  it  in  the  lumo 
tttegory,  muiit  lie  regarded  as  indicating  a  eoimideiable  amonnt 
of  aatronomioal  knowledge  amon^  tlio  ancient  Chinese,  We 
l-ofer  to  the  tra;>;ic  fate  of  Hi  and  IIo,  ottronoinoi^  royal  to  one 
of  llie  ancient  empernra  of  ibal  jtcople.  It  wni*  part  of  (he 
dnty  iif  tboee  men  to  carcfnlly  sindy  tbe  heavenly  movements, 
and  i;ivo  timely  warning  of  tbc  approaeh  of  an  eclipse  or  other 
remarkable  phenomenon.  Bnt,  negloctinj;  lliia  dnty,  iboy  gave 
tlictneelves  np  to  dnmkcnnefis  and  riotons  living.  In  conse-l 
qucnt-v.an  ecHi^itc  uf  the  enn  occurred  witbunt  any  notice  being 
given :  tbe  religiona  rites  due  in  snob  a  caAc  were  not  )>erfornied, 
and  China  was  exposed  to  the  anger  of  ilic  gods.  To  ap|)casQ 
their  wriitli.  tbe  nnwortby  Mtronomerfl  wei-u  seized  and  sum- 
marily executed  by  roya]  command.      Some  historians  bavo 
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80  far  as  to  fix  Ilio  dalo  of  tliis  occnrronoe,  wliidi  is  van- 
iy  lilaccd  at  from  21:1$  <o  21^9  yviki*  before  lh«  Cliibtiaii 
era.     If  tliis  is  correct,  it  ia  Itie  eailleet  of  wtiiuli  jn'ofiinc  lib- 
tory  hiw  left  lu  aiijr  record. 

In  rlie  Uiiidoo  Mlroitomy  we  »ee  the  pcctiliftritiM  of  tlw 
eoiitein])Iativ6  Uinduo  mind  stroiigljr  rejected.  Here  tlio 
iiimgiiiulioii  ruvvls  in  puriod«  of  tinto  wliieli,  by  cnmpttiison, 
duai'f  even  llie  iiieasiiree  of  ilif  cvlGstJiil  ^ince*  iiiado  by  mod- 
L-rn  &Btronoiner&.  In  tliis,  and  in  ]>erhs]»  other  nnvieiil  sy*- 
tern*,  ue  tind  rofcretioet  to  a  8ii{vpa6od  conjunction  of  all  the 
planets  3102  yean  befoiv  tlie  Chri-->t)Hn  om.  Attliotigh  wo 
lisve  Qvory  reason  for  believing  that  this  conjunction  vcm 
irni-d,  not  from  any  actunl  record  of  it,  but  by  ailcidaliufi: 
i;k  lite  jxttition  of  tliu  jtlunulf.  y«t  tliu  very  fact  thnt  thi'y 
were  able  to  make  llii)  catcnlntion  diows  that  tite  inoiiona  of 
llic  [>!unftfi  mniit  have  been  obsuned  and  i-ocdrdcd  during 
tnuiiy  gunornlion^,  cither  by  the  HiiiduOK  theuHclvcc,  or  some 
Other  |>eo))le  from  whom  ihey  Hci)uirod  llwir  knowledge.  A» 
a  matlur  of  fact,  we  now  kuow  from  onr  nindcm  tablea  thiit 
tliit  conjunction  was  very  far  from  being  exntit:  bill  its  error 
coul<]  not  be  crriainly  detected  by  the  rude  observations  of  tha 
times  in  qneeiion. 

Amon^  n  i>eo|ile  so  jtrono  m  the  ancient  Greeks  to  Bpcculale 
Upon  tlic  origin  and  mitiire  of  ltiing«,  while  ncglcctiiig  t)io  ob- 
aenation  of  natural  |ilipnoinetia,  we  cannot  ex|)ciit  to  find  nny- 
lliitig  that  can  be  considered  a  ey^teni  of  axiroiiunty.  But  there 
aro  some  idoa«  attributed  to  I'ytbagoi-at  wliich  are  so  frequent- 
1v  alluded  to,  nii<l  so  eloselv  connected  with  the  aativmoinv  of 

•  -  * 

K  enbcoqueiit  age,  that  wo  may  give  ihcm  a  ]ias»iiig  mention. 
He  ia  Mid  to  have  tanglit  lliat  the  heavenly  bodie»  were  HCt 
in  a  number  of  crj'Btalline  B[>hoiies.  in  the  common  eenti-e  of 
whicli  tlie  earth  u-as  jilated.  In  llio  outer  of  tlmu  »|>lieres 
were  net  tlto  thouMind^  of  lited  Btars  which  stud  the  firma- 
ment, while  each  of  the  f^vcn  ])lancts  had  its  oivn  K|>hei'e.  The 
traii»[Hue»cy  of  each  crystal  H]>liei-e  was  (lerfect,  so  tlial  th« 
bodies  eet  in  eaeli  of  tl>e  outer  Bphei-ee  were  visible  throii»li 
all  tJie  ionor  ones,    lliesa  spheres  all  rolled  rotind  o»  each 
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ottun-  in  n  daily  revolution,  tliiia  cAiiHinj^  tlie  rising  and  wttill 
of  llic  hcftvenlj-  bo(lic&    Tliis  mlling  of  tlio  epIiorcE  on  csd^ 
otiter  iiKtdu  ft  wlcstiul  inii^iu,  lliu  ''mti«iu  of  the  ttpliert^," 
wliiiih  tillcil  tlie  tirrnainent,  l>nt  wiin  of  too  elevntcd  a  cliar* 
actor  to  bo  licarJ  by  tliw  oars  of  nioilals. 

It  niu»t  be  iidniitled  tliut  tbe  iik'H  of  tlie  etni^  being  wt  in  a 
bollow  »|)hcro  of  erj-«tAl,  forming  tbe  viiiilt  of  the  lirinnincnt, 
WAd  a  very  nBttiml  one.  Tlioy  t>fGnied  to  revolve  around  tlie 
earlli  ovory  day,  for  generation  after  genoratiun,  wiihont  tlio 
eliglilost  elmn^  in  tlieir  relative  iio«iitiuii«.  If  there  wei-e  no 
solid  voiinectioii  between  tlieni,  it  does  not  seem  possible  that 
a  iboneaiid  bodies  conld  move  aruniid  their  vast  circuit  for 
sneh  long  jwriod*  of  time  wilboiu  a  piiiglo  one  of  tliern  vary, 
iiig  its  diBtaiK-e  from  one  of  tb«  otliers.  It  is  especially  ditH- 
eiilt  to  coiteeive  how  they  conld  all  niovo  around  thu  same 
axiih  lint  when  ihcy  are  all  »et  in  a  solid  sphere,  every  one  tt 
made  Koiirc  in  its  place.  The  planets  conld  not  l>e  set  in  the 
same  sphere,  bot'anse  they  c-han^  thoir  positions  among  tJie 
stall',  Tliia  idea  of  the  Bpherifily  of  the  heavens  field  on  to 
the  minds  of  men  with  rcmai-kal)lo  tenacity.  The  funda- 
mental prupoiticion  of  the  Hyetem,  both  uf  Ptolemy  and  Copoi^ 
iiicnis  wiw  ilnit  the  nnivei-se  id  ^plieneal,  the  Intler  seeking  to  ■ 
prove  the  natnralness  of  the  sphericftl  fonn  by  tlio  analogj^ 
of  a  di'op  of  water,  althongli  the  theory  served  him  no  pur- 
pose whatever.  Faint  tmcee  of  the  idea  are  seen  here  and 
tliere  in  Kepler,  with  whom  it  vanished  from  tlio  mind  of  the 
race,  as  the  image  of  Snnia  Clans  diMppears  from  lite  mind  of 
tlie  growing  child. 

I'ythagoiiu  U  sUo  iaid  to  have  taught  in  his  esoteric  lect- 
nres  that  the  ^im  was  the  real  ecntiv  of  the  celestial  movo- 
mcnts,  and  thnt  ilte  earth  and  planets  moved  around  it,  and  it 
is  this  anticipation  of  the  Copornit-aii  system  which  oonstitutM 
his  greatest  glory,  lint  he  never  thought  pi-oper  to  make  a 
public  avowal  of  tins  doctrine,  and  even  presented  it  to  hU 
disciples  somewhat  in  the  form  of  an  hypothesis.  It  must 
also  be  admitted  that  the  accounts  of  his  system  which  have 
reached  ns  are  so  vagne  and  so  filled  with  metaphv*sieal  specn- 
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Inlioii  Unit  it  i*  qneetionahlo  wlietlier  tlie  fi-cqiient  H]){i1ii.-«tion 
uf  li'iH  iixiiic  tu  tlio  iQoilorn  EjElem  is  not  nunc  jK-iUntic  tiian 
jiislitiablo. 

TIk^  (trecic  utroiionien  of  a  Inter  Age  not  oiil^'  rejected  Itie 
vague  speculations  of  tlioir  anoeetore,  brit  proveJ  tbomaelvQa 
tbo  m«et  c&ixiful  obMrvrrs  uf  tltctr  time,  and  tii^t  madu  aetron- 

\y  vor\\iy  llio  nnnio  of  a  svienw.  Vntm  iIiIa  (iitick  af>tix>ni>- 
ijr  the  astronomy-  of  onr  ohu  time  inav  be  oon^idci'ecl  aa  ixnn- 
iug  ]>y  (liroet  dL-flcunt.  Still,  were  it  not  for  tliu  ub^cnco  of  liift- 
toric  reo(>n]«,  wo  c-otild  iin>liiililv  trai-v  Uurk  liotli  llivir  tliuoricB 
anil  their  sntem  of  obscrvattun  to  t)ie  plains  of  Clialdea.  Hie 
zodiac  wait  mapped  ont  and  tbo  cunstc-llaliuns  nanioO  rnnny 
Miittirin  before  they  commencred  tlic-ir  obrt-rvaiion-,  mid  tbt-so 
worka  [narked  quite  an  advaiiMxl  stage  of  devclopniviit.  Tbid 
prebistoric  knowledge  ib,  however,  lo  bo  trvati-d  by  tho  histo- 
rian iiithcr  than  the  utrotiomer.  If  we  onnHiie  onr«ulves  to 
men  wboae  names  and  wlic«e  laUirs  bare  come  down  to  tis, 
we  muEt  concede  to  llipparuhns  tho  honor  of  bciti;;  tlm  fatlier 
of  artroiiomy.  Not  only  do  In*  obfwrvniion!)  of  tin-  hcavt-nly 
bodies  appear  to  have  been  far  in«i-c  accnmte  than  those  of 
any  of  hi«  prcdecoEEors  bnt  ho  al«o  dctcrrniiipd  thu  laws  of  the 
^iparent  motions  of  the  plnnL-i>sand  pii-paivd  lal>Ic«  by  which 
th«o  motion*  oonid  l>o  calctilntcd.  I'robaWy  he  xvas  tlio  fir*t 
projtoniider  of  the  theory  of  opicyclio  motions  of  the  planetit, 
coTnmonly  oallfid  after  the  name  of  his  aneccteor,  Ptolemy,  who 
\\u^\  three  centiirieii  lalcr. 

Commencing:  with  tbo  time  of  Ilip))nrcbiis,  tho  icencral 
tliory  of  the  Mrnctiirc  <)f  tlm  nnivei*e,  or  "sj-fltoni  of  tbo 
wurld,"  aa  it  ia  frequently  (-alle<],  exhibits  three  great  ata^^  of 
development,  each  stage  bcin^  marked  by  a  »\'»Icm  quite  dif- 
ferent from  tlie  other  two  in  its  fimdninental  pniiciplea.  Hiow 
are: 

1.  The  6o-«illed  Piolematt:  a^-fitom,  which,  however,  really 
belongs  to  Hippsirclins,  or  nome  nioi-e  nni-icnt  aitntnoincr.  In 
thia  svstem  the  motion  of  the  earth  is  ignored,  and  the  appar- 
ent motions  of  ibc  stars  and  planets  around  it  are  atl  rogal^]od 
ureal 
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3.  The  Copernivati  «;)-stctn,  in  wliivli  it  U  •liown  that  tlio  ran 
Is  naiXy  die  oeutre  of  tlie  planetary  motions,  and  tliat  (lie  I'HTtli 
k  iticlf  a  pUnci,  botli  tiintJng  on  it»  axis  and  revolving  roniid 
tbesnn. 

3.  TheXewlouian  evsicin,  in  vliicb  aU  the  celestial  niotiontl 
■re  explained  br  tlic  onu  law  of  nnivenal  gravltatiuii. 

Tliifl  natural  order  of  de\  etupintint  sliuu'«  tlie  order  iu  wliich 
a  knowledge  of  tlic  ttnictiire  of  ibe  nniveree  can  be  uiMt-l 
ck-arly  [>rv»cntcd  to  tlie  mind  of  tlw  general  rciulcr.  Wa 
•hall  ilierefore  csjiluin  tlit«  Mrnvtarc  liitioncally,  devoting  s 
Ecjiarate  diapler  to  encli  of  llie  lltree  frtajres  of  de\ clo|inieDt 
whicli  wo  liavc  deeerilied.  We  coramenee  witb  wbal  is  well 
known,  or,  at  Iviut,  <.'a»ily  seen  i>,r  every  one  who  »itl  look  at 
tl>e  beiivenA  witb  entiit^ient  care.  Vfe  imagirte  the  otMierver 
ont-of-'loors  on  a  etarlit  niglit,  and  ebow  biin  bow  tlic  heav- 
enly ImmUva  M-ein  lo  move  fix>m  Iwur  to  hour.  Tlien.  we  kIiow 
bim  what  otian^  he  will  wo  in  their  aspects  if  be  vonlin- 
nee  hie  watch  throagh  mntitba  and  yeai-s.  By  combinhig  tlw 
apparent  niottona  tlnis  learned,  bo  formic  for  bim^vlf  the  an- 
cient, or  I'loleinaic,  M'Stcni  of  the  world.  Huring  tli»  M-vtem 
clearly  in  mind,  tlie  poRiage  to  tlinl  of  (VipeiTiictt*  is  \m\  % 
step.  It  consists  only  in  showing  that  eertnin  singular  oecilla* 
tioiM  whii-.h  (be  »tm  and  plnncts  t>ocm  to  have  in  i-omniou  ara 
really  due  to  a  rovnintion  of  the  earth  ni-onnd  tite  nun,  audi 
that  llie  apparent  daily  revolution  of  the  celestial  sphere  arisesi 
from  »  rotation  of  tJic  earth  on  il«  own  axis.  The  lan-a  ot\ 
tlie  trne  moliona  of  the  plaueta  being  pei'fci-ted  by  Kepler, 
they  are  shown  by  Xowlon  to  bo  ittcluded  in  the  i>ne  law  of 
gravitation  townnlt  the  ntti.  Suvb  is  the  course  of  thought  to 
wl>u.-li  we  tinit  invite  the  reader. 
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CHAPTER  I. 

THE  ANCIENT   ASTKOXOVT,  OK  TrtE  APPAIiKNT   MOnOKS  07  THR 
UEAVEXLY   BUDIEtt. 

§1.   The  CiUrtUal  Sphefe. 

It  ie  a  ^t  witli  wliiuh  we  arc  familiar  from  infatic}*,  that 
aU  the  hca^'Ciil,v  bo(Iic«'~ «iin,iiiouii,aiid  Btniii— teem  to  hu  wt 
in  ail  Miire  vault,  witich,  rising  litgli  o^er  oiir  lieads,  c-iines 
down  to  the  horizon  un  o^ory  Kide.  Hero  the  earth,  un  which 
itBCCiiM  to  rest,  )>rcvvuis  our  tmritig  il  farther,  liitt  if  ihu 
earth  were  ont  of  the  U'a;i',  or  were  perfeutly  Irausjiaicut,  wo 
oouid  traco  the  ^nidt  downwards  on  every  side  tu  liiv  point 
beoenih  our  fi-ct,  and  cmdd  »ee  %nx\,  rnuoti.  and  tAant  in  every 
direction.  Tiic  c-clc^tial  vanlt  above  ns,  willi  llie  cori'e^pond- 
\ag  one  below  m^,  wonlU  then  form  «  ootnplele  sphere,  in  tho 
oontrc  of  wliioh  the  ubst-niT  would  »eein  to  tie  placed.  This 
liaa  been  linown  in  all  ages  as  tlio  cclostial  6))liere.  Tiie  direc- 
tions or  ap(«n;ut  po«iiiuiis  of  llio  hcavunly  hudiL-s,  as  well  as 
their  apixuvnt  motion*.  ha\e  alwavN  been  defined  by  their  »it- 
ttation  and  motions  on  this  sphere.  The  fact  tiiat  it  Is  purely 
imaginary  does  not  diniinieli  its  value  as  enabling  iis  to  form 
dittinut  ideas  of  the  direction*  of  riie  hravonly  bodies  from  n& 

It  matters  not  liow  large  vie  suppose  this  spheiv,  so  long  m 
wo  always  snppovc  tho  obsci'vor  to  bo  in  tho  centre  nf  it,  so 
itiat  it  «Iudl  »itrronml  him  on  all  vidrs  at  an  cqnfti  dielancc 
lint  in  the  language  and  reasoning  of  exaet  asti'onoiny  it  is 
alwaj'a  supposed  lo  be  Infinite,  as  then  the  observer  may  con- 
ceive of  him>elf  ai  trmnsported  lo  any  other  point,  even  to  one 
of  the  heavenly  bodies  theraselvefl, and  Mill  lie,  for  all  practical 
ptirpoAes.  in  tlto  centre  of  the  sphei-o.  In  this  case,  however, 
)hc  Iic*vcnly  bodies  are  not  eon»idci«d  as  attaehcd  to  tlie  uir 
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cnmfercnce  of  tlie  infinite  epliere,bnt  only  as  Iring  oil  the  line 
of  siglit  extending  from  tlie  observer  to  6oine  point  of  the 
spliere.  Their  relation  to  it  may  be  easily  nndei-stood  by  the 
observer  conceiving  himself  to  be  luminous,  and  to  throw  ont 
rays  in  every  direction  to  tlie  infinitely  distant  sphere.  Then 
the  a[>parent  positions  of  the  various  heavenly  bodies  will  be 
those  in  which  their  shadows  strike  the  sphere.  For  instance^ 
the  observer  standing  on  the  eartli  and  looking  at  tlie  moon, 


Fro.  1 Section  of  Ihi  ImnglDBrr  celMtUI  iptera.    The  obserrer  U.  O,  lookloE  at  th* 

FInniijr  ulhcr  bodlvi,  inArk«d  Pt^,  r, «,  f,  u,v,  will  Imfl^lne  th«m  Bittmk'd  at  PiQ^  A,  ^ 
T,  C,  V,  ou  Ibe  furfuce  of  the  apbere,  when  tbe;  vlll  appeor  projected  ataiiE  Iht 
■tnlsfatpr.fQ.etc. 

the  shadow  of  tlie  latter  will  strike  tlio  sphere  at  n  point  on  a 
straight  line  drawn  from  the  observer's  eye  thronsjh  the  centre 
of  the  moon,  and  continued  till  it  meets  tlie  sphere.  The  point 
of  meeting  will  represent  tlie  position  of  the  monn  as  seen  by 
the  observer.  Now,  stipjx)se  the  latter  transported  to  tlie  moon. 
Then,  looking  back  at  the  earth,  he  will  see  it  pi-ojccted  on  the 
sphere  in  a  point  diamettically  opiMsile  to  that  in  which  he 
formerly  saw  the  moon.    To  whatever  planet  he  might  trans- 
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port  liimself,  tw  would  sco  tti«  emrtli  ami  llic  other  planeis  pro- 
jected (in  this  imaginary  sphera  previsc-ly  nn  kc  always  Hiom 
to  eec  llio  licavonly  l>odies  so  projected. 

This  \i  all  ttint  is  left  of  the  old  cryetalhnc  sphurcs  of  Py- 
tli^oras  hy  iiiod«ni  aslrrttioiny.  I'roin  being  a  solid  whJcli 
Iwld  nil  tl>o  stars,  tlio  epliero  hits  bocomo  ctitiroly  iintnalcrial, 
a  mere  coRc<^]>tion  of  the  mind,  to  cimblc  it  To  define  the  di- 
rectioiie  iu  which  the  henvenly  hodid  are  Been.  Hy  exmnttn- 
ilig  the  fi^iro  it  niU  he  ulcar  that  all  bodies  whicli  lie  in  the 
Mme  Mmight  line  fruin  the  observer  will  ap{)car  on  the  Mine 
l>oiut  uf  tite  sphere.  For  )n§tani.-c,  bodies  nc  the  tlii-eo  puintA 
uwrked  t  will  all  be  econ  ai  if  they  wcm  at  T. 

§  2.  TA<!  Diurnal  Motion. 

If  wc  wnluli  the  hcnvcnly  bodies  for  a  few  houra  wo  shall 
always  liiid  ihein  in  motion,  thoM  in  r)ie  ea»t  rising  npwnrds, 
lltoEe  in  die  Fonth  moving  towards  the  wcEt,  and  those  in  tlio 
wut  sinking  below  the  liorizun.  We  know  that  this  motion 
is  only  apparent,  ftriHing  from  the  rotation  of  the  earth  on  its 
axis;  but  as  we  wiali,  in  tliis  uhapter,  only  to  dracribo  tJiing* 
■s  tlii'y  appear,  wc  may  «|K>ak  of  the  motion  ns  real.  A  few 
days*  watching  will  rhow  tliat  the  whole  L-vlvGtiiil  Kpliero  sccina 
to  revolve,  aa  on  an  axis,  nvcrj-  day.  It  is  lo  thi*  revolution, 
carrying  the  snn  altci-nalely  above  and  below  tlio  horizon,  tliat 
tliv  alternations  of  day  and  nlifhl  aix;  due.  The  nature  and 
effects  of  tliia  motion  can  bcitt  be  studied  hy  watcliiugthu  ap- 
{nrent  movement  of  the  stare  at  night  We  should  soon  leaiii 
from  stiuh  a  wateh  that  ihoru  is  one  point  in  tlic  hciivcns,  or 
on  tlic  ectostial  sphere,  wliieh  doc«  not  move  at  all.  In  onr 
latitudes  this  point  iet  sitnatcd  in  the  north,  lietwecn  the  xenith 
and  tlio  horizon,  and  is  nailed  the  pole.  Aronnd  this  pule,  aa 
m  fixed  eenire,  all  the  lienvenly  bodies  wem  to  revolve,  e-adi 
one  moving  in  a  circle,  tlie  size  of  which  depends  on  the  dis- 
tatioe  of  the  body  from  tJio  pole.  Tlioro  is  no  star  situated 
exaetly  at  tlic  pole,  but  tlicre  is  one  whieh,  being  siinated  lit- 
tle more  than  a  degree  distant,  describes  so  small  a  eirele  that 
tlio  unaided  eye  cannot  eoo  any  ehaugo  of  place  witlioiit  mak- 
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ing  60UIC  exact  and  cai%fui  obecrvstioiL  Tliia  n  tlierefore 
called  tlic  polo  »tnr.  TIiu  jiole  *Xax  enn  nearly  hIwava  Im  vci'}' 
rendily  found  liv  means  of  tlie  pointers,  two  stara  of  the  uon- 
stclUtion  Urmt  JJaJur,  llio  lii-cat  Ucftr,  or,  us  it  is  fsinilinrly 
called,  tiie  Uipiwr.  IJ}-  referring  to  the  fiRiire,  tlio  itiidvr  will 
rendtly  tind  ttiis  consti'llation,  liy  thu  dotted  liim  from  tlie  \Ki\e 
and  thciico  tliu  [lulo  star,  uliiuh  k  near  tlie  cciitiv  of  tlic  map. 
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Ii*vor  nt  III  TjiNluilu  H'".  htn  f*»ciNfl  rniiuil  LLto  piNlu  "fiir  nrrj  Aay  ha  thp  iltrv^non 
*faowu  by  lh«  nrrumk     The  Iwn  ra^^vr  ttnm  of  f'"^  V^ti",  4tij  Ibo  \tfl  of  tbo  map, 

Tlio  altitude  of  the  pole  is  equal  to  tlie  latitude  of  tlic  place. 
In  tlie  Middle  ijtalcs  tiio  latitude  is  generally  not  far  from 
forty  degreca;  the  ]Kite  ia  tlierefore  n  little  neai'er  to  the  liori- 
Bon  thaii  to  tlie  zenitli.  In  Maine  and  Canada  it  is  about  lialf- 
wny  bctncoa  tliceo  points,  while  in  England  and  Nortliem 
£iirope  it  i»  nearer  the  senitb. 
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Nmv,  to  nee  the  effect  of  tlio  diumnl  motion  ncm-  t!io  pole, 
let  lis  watult  any  etar  in  thv  nonli  bcttrecn  the  i^Ae  and  tlio 
Iiorizoti.  Wo  eliuU  soon  ten  tliat,  iitttuad  of  inoviug  from  ea^l 
to  «-cM,«s  vce  ore  uctutoinod  to  see  tli«  licavviily  Ixxltcs  nto\'V, 
it  really  moves  towards  the  east.  Afit-r  jiafsiiig  tliu  north 
point,  it  UigiuH  to  curve  its  couiw  upwai-ds,  until,  in  llie  nunli- 
ca^t,  it«  nioiiun  i»  vcrtj(.-«l.  Then  it  tnrns  grudiially  tu  tlio 
wcdt,  [isaaitig  as  far  alrove  tiie  pole  as  it  did  below  it,mi<),ii!iik- 
ing  down  on  tlie  wi»t  of  tlio  yolo,  it  again  passes  under  it. 
The  piiSMgo  abuvo  tho  jwlo  is  called  ilie  iip{>er  vulniiiiation, 
and  tliat  below  it  the  lower  one.  Tlia  coui'ie  aronnd  the  {xiio 
i»  diown  by  the  arrows  on  Fig.  2.  We  cannot  with  the  naked 
cie  follow  it  nil  thu  way  roinid,on  accunnl  of  the  intervention 
uf  dayU(;ht;  but  by  contlnning  our  watch  every  clear  night  for 
A  j'Citr,  we  should  see  it  in  every  point  of  ils  course.  A  star 
folUiwiiig  tlio  cunreo  we  havo  deecnbod  uevor  sots,  but  may  Iw 
seen  every  clear  nighu  If  we  imagine  a  ch'cio  drawn  roinid 
the  l)ole  nt  nnch  a  distance  as  just  to  loudi  the  horizon,  all  tho 
Han  situated  within  this  cii-cle  will  move  in  this  way;  this  is 
therefore  called  tho  ciivlc  of  perpetual  apparition. 

Aft  we  go  away  from  llio  ]iole  wc  shall  liiid  the  Btat«  mov* 
ing  in  Ur;ger  circle*,  pafcting  higher  np  over  the  jxile,  and  hiwer 
down  l>elow  it,  nntil  we  reach  the  circle  of  porjietnal  a]ipari- 
tion,  when  they  will  ju«t  graze  the  horiiton.  Outsido  this  circlo 
oveiy  star  must  diji  helow  the  horiiion  for  ii  greater  or  Icm 
time,  depending  on  its  diatanoe.  If  it  be  only  a  few  decrees 
outside,  it  will  set  in  tho  north-west,  or  hetwocn  norllt  and 
north-west :  and,  after  a  few  hours  only,  it  will  be  seen  to  riw 
•gain  between  north  and  nortli-east,  having  done  little  more 
than  gran)  the  horizon.  The  |>Of«ibility  of  a  body  rising  so 
80on  aft4-r  luiving  set  does  not  nlwavH  occnr  to  thoM  who  live 
in  modciato  latitndes.  In  July,  1874-,  Co^ia's  comet  set  in 
the  norlli-west  abont  niuo  oVlock  in  the  evcuinp;.  an<I  iy»e 
ii2nin  almut  three  o'clock  in  the  inormiig;  and  some  intelligent 
peopio  who  then  saw  it  oast  of  tho  pole  supposed  it  conld  not 
be  tl»o  Huno  oitc  that  hiul  «ct  tho  evening  befors. 

I^UBiDg  ontsido  tho  circle  of  perpetnal  appantinn,  we  find 
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that  tlie  stars  pas  Bouth  of  ilic  zenitli  at  tlieir  npper  cutmina- 
tiuii,  lliftt  tliuy  H't  tiiui'u  ijiiitikty,  and  tliitt  ilicy  lue  a  longer 
time  bolov  the  Iioriuin.  Tliis  may  be  seen  in  Ft;;.  3,  tlic  por- ' 
tion  of  tlio  splioru  to  wliioli  wo  rofui-  buiiig  between  the  oeles- 
tjal  i^(]imtor  aiid  llic  line  L.\'.  Wlicii  wc  ii-ucli  llio  equator 
one-lialf  the  cuiirso  will  be  above  and  one-hnlf  below  tlie  liori- 

Z        r 


■  Lt      ■iit.itfMial 


\ 


\^ 


X 


w 


V     '     *     I     ■    L    ( 


•  »  n  r   ■  > 


fio.l  .'111*  rrfnl'nl  *i>hvra  •m<\  illuninl  umllon,  H  \t  iliu  •"Htlilinrlinn,  -Vlhr  iii-Tllibari' 
Mil,  JC  lh«  iHiUtli,  'Jtitf  clri'lo  L\  hfrniid  ihn  ncirth  |jo1d  (uiiulii*  ibe  *tjint  thotni  te 
f\Z,\\  Anil  Lbo  obiirnvr  ■<  <l»1i»  Ibc  rriiErmLf  ihv  v^ihirtv.  lotikliii:  lo  the  unrih,  •<«*  ttM 
•UN  a*  thrr  are  dtpldtd  tn  lh*l  D^aiv,    Thp  nrmir*  ilioiir  lh«  d'rwllnn  at  Uia  dKirnal 

mollDU  til  tbB  KVtL 

aon.  Sotitli  nf  the  oqiiator  tbo  circles  dcHoribod  bjr  th«  etaro 
become  Htiiallor  once  moiv,  and  more  limn  bnlf  their  coiii-»e  is 
below  tlie  linrijwn.  Near  the  soiitJi  bori/^n  the  stars  only  eJiow 
tlitiiru4.*lvcs  above  the  horizon  for  a  Khort  liiiio,  while  below  it 
ihero  is  a  circle  of  per[>e1iuil  diMtppcarniiue,  the  stars  in  which, 
to  us,  never  rise  ot  all.    This  circle  is  of  the  eaino  magnitude 
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'ith  Uint  of  {lerpetu&l  ajipariiioii,  and  the  enntii  pole  is  Bitunted 
in  its  contrc,  jiut  as  tbv  uorUi  )>u1o  ii  in  the  cciiM-o  of  tlic  otiicr. 

If  wc  Intvcl  BOUtliwanl  we  land  tlint  tlie  nortli  pole  gradually 
Binks  towards  tlio  liori»in,  wliilc  new  stare  como  into  vk'w  nlio\e 
tlio  «>iitli  liorixon ;  coiisecjiiciiily  llie  circle*  of  pcrpctunl  upiwri- 
tion  and  of  jtei^tual  dieapiMsAfaiR-e  both  grow  smaller.  When 
wo  tvavh  Ihc  carlli'it  v({ii»tui'  tliu  K>uth  pole  has  risen  to  tlio 
ftouth  horin)ii,  the  nonh  jwlo  luu  »iiiilc  to  the  iiorili  hori- 
zon :  tlifi  celestial  cqnator  )>a58e8  from  oast  to  vest  directly 
overhead;  aiid  all  tlio  hctvcnly  bodic«  in  tlielr  diurnal  Tuvuhi- 
tioiu  deacrihe  cirul«s  of  which  one  half  is  nW^e  and  tlie  otlier 
half  below  the  lioruon.    Tboeo  circles  arc  all  vortical. 

South  of  tiiv  cqii»itir  only  the  iwiith  {mjIc  is  vi«iblti,the  nortli 
one,  which  we  se«,  being  now  below  the  horiiuiii.  Beyond  the 
sontliem  tropic  the  sun  is  tiortli  »t  noon,  and,  iuGtcad  of  mov- 
ing from  left  to  i-ii;ht,  its  n>iii-M;  i«  from  riglit  to  left. 

The  Iftws  of  tliG  dinnial  motion  which  we  have  described 
may  bo  siinintcd  np  as  fulluws: 

1.  Tlio  ccltsiial  sphere,  with  the  wui,  moon,  and  utare,  ecems 
to  revolve  daily  aroaiid  an  inclined  axis  passing  through  the 
point  when!  u-c  may  diniico  to  etnnd. 

2.  The  np[i«r  end  of  tliis  »xi»  jHjinte  (in  this  homiephcre)  to 
the  nortli  ['iili! ;  the  otlicr  end  i)aa6es  into  tlio  earth,  and  points 
to  the  south  pole,  which  is  diametrically  oppoeitc,  and  therefore 
below  tl-c  horiison. 

S.  All  tlie  tixed  stars  during  this  revolution  move  together, 
keeping  at  the  same  distance  from  each  other,  as  if  tlio  rovolv- 
in<;  celestial  sphei-c  were  solid,  and  they  wei-c  mt  in  it. 

4.  The  circle  drawn  round  the  lieavcns  half-way  betweer 
tlio  two  polos  being  tlio  eolosttal  ocptator,  all  bodies  north  ol 
thi^  e<)imtor  (wrforin  more  than  hn.1f  their  revohition  alwvc 

Ilbe  horizon,  while  soiitli  of  It  less  tlian  half  is  above  it. 
§  3.  ifotion  oftht  Sun  among  th«  Stars. 
The  most  obvious  classification  of  the  heavenly  bodies  which 
wo  SCO  with  the  niilced  eye  is  that  of  sun,  inonn,  and  staiit. 
Dut  there  i»  at»o  this  difference  among  the  stars,  that  while  tlie 
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gnat  mue  of  tben  pracerre  the  tanta  ndative  ponlion  oa  the 
celerthl  •{>b«n,  year  &flcr  veu-  and  cCBtary  after  oentarr,  titere 
■re  fii'e  wtiich  cooslmiilly  cliatigo  tlidr  ixwitioiie  ivUtivcly  to 
the  otben.  Their  itaine>  an  Mcrctiry,  Venoi.  Mars  Jugiiter, 
■nd  8atnni.  These  five,  with  the  eun  and  mooD,  cun^ titut«  die 
fe^eu  planctK,  or  wand^^riii^  rtars.  of  tltc  aticivnbs  tlw  motiom  i 
of  vhicti  are  next  to  lie  described.  Taking  out  die  seven 
pboets,  the  remaining  iieavcnlv  bodies  visible  to  tlie  naked 
eye  are  termud  lAe  Fixtd  Stars,  beeatne  titer  ha^'e  no  uppsr* 
cni  motion,  except  the  regular  diurnal  revolDlion  described  in 
the  last  seetioiL  Bat  if  we  note  lii«  poeitious  of  the  aim, 
moon,  and  planets  among  the  Mara  for  a  nuinWr  of  meccsuvo 
aigfata,  wc  diall  find  certain  slov  changes  among  tlietn  whici) 
we  fthall  now  describe,  U^nnlng  with  ilto  stin.  In  Btadring 
tliis  description,  the  reader  niiwt  reiiieniber  lltat  we  are  not 
ecckinj;  for  the  apparent  dinmal  motion,  but  only  certain 
modi  Blower  motions  of  tlie  planets  relaHve  to  llic  fixed  alan^  • 
•nch  AS  wonld  be  $een  if  tlie  cartli  did  not  rotate  on  its  axis. 

If  HO  obccrvc,  niglit  after  niglit.  tlio  exact  tionr  and  minute 
At  wliidi  a  Klar  ]iBHes  any  point  by  it?  dinmal  revolulioii,  we 
sball  find  that  I'asMj.'e  to  occnr  some  four  minutes  earlier 
every  evcnini;  tban  it  did  tlie  evening  before.  The  Merry 
sphere  thei-efore  revolvers  not  in  S4  hours,  but  in  S3  bonis 
66  Miinutcc.  In  oonMiqucnoe,  if  wo  note  ibs  position  at  the 
tame  hour  night  after  nigbt,we  shall  find  it  to  bo  fartlier  and 
farther  to  iho  west  Let  us  take,  for  example,  the  brig)iie«t 
star  in  tlic  couerellalion  Loo.  represented  on  Map  III.,  and 
commonly  known  as  Regains.  If  we  wnldi  it  on  the  2£d  of 
Uarcb,  m:c  sliall  find  that  it  |m«cs  the  meridian  at  ten  o'clock 
in  the  evening.  On  April  32d  it  pa»MS  at  eiglil  oV-lovk,  and 
at  ten  it  b  two  hoors  west  of  tlie  meridian.  On  the  mme  day 
of  3fay  it  paseet  at  six,  before  sunset,  so  that  it  cnnnot  be  seen 
on  tlie  meridian  at  all.  When  it  firal  becomes  visiblo  in  tlie 
evening  twilight,  it  will  be  an  hour  or  move  west  of  l}ic  me- 
ridian. In  June  it  will  bo  three  hours  wcst.and  by  tlie  end  of 
July  it  will  pet  during  twiligbt.  and  will  mumi  l>e  entirely  lost 
in  the  raj's  of  tlie  sim.    Tliia  shows  that  during  tlie  montlis  in 
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question  tlw  Buti  has  beei)  approacliin*;  iliu  star  fn>in  tlio  vc«t, 
lUid  in  Aiigiiat  lui»  got  so  near  it  llint  ic  i>4  no  longer  vUittie. 

C»rr;iiig  forwani  our  couiptilation,  ve  tiiid  tliat  on  Aiignat 
Slitt  Uio  «tAr  LTusws  tlio  inoridiuii  at  nuoii,  and  tlKiiiforo  U 
nearly  tbe  Mine  tiiiio  witli  ihe  stiii.  In  September  it  croaset 
at  ten  in  tlio  luoming,  wliilo  tlie  buu  is  on  the  eastern  eide. 
Tho  6im  hns  (hercfure  jitissed  from  the  west  to  the  viut  of  tlw 
Btar,  and  tlie  latter  can  be  r«en  rising  in  the  morning  twihght 
Iteforo  till!  sun.  It  constantly  riws  earlier  and  earlier,  and 
tliei«f(M-c  further  fn>n)  tltu  «(in,  until  Fobniary,  wlicu  it  rifin 
at  ennset  and  sebi  at  eiinrise ;  and  'n  tbercfoi'e  diriM^tlv  o)>pottitc 
tlw  snii.  in  3Iarch  tlie  star  wonid  cross  tho  meridian  at  Ion 
o'clock  on»;  tnoix-,  sliowiii-;  that  in  Iho  voui«c  of  a  yvnr  the 
Bini  aitd  star  had  resumed  tlieir  tii%l  poslliou.  ltn^  while  llic 
Bun  bos  rUvn  and  set  3G5  times,  the  star  lias  risen  and  iwt  Sdti 
tii»c#,  tl>e  snn  having  lost  on  entire  rovolntion  bjr  tlio  slow 
backward  motion  we  have  desiin-ibed. 

If  tliD  stars  were  visible  in  the  daytime  (as  thejr  would  be 
lint  for  the  iitmo«|)lici'e).  the  n;)|mrcnt  inotiuii  of  the  sun  ninong 
tliem  could  be  seen  in  the  ooin^o  of  a  single  day.  For  in> 
stance,  if  wo  uonid  lisve  seen  Regulus  rise  on  tho  inorning  of 
AngiiBt  SOtli,  1873,  wc  should  have  eceii  tho  sun  a  little  south 
and  west  of  it,  the  relative  [XMititm  of  the  sun  being  h»  ahowu 
by  tlic  ciivle  nnmltcred  1  in  tlie  lignre. 
Watching  tlie  star  all  day,  we  sliould  find 
that  at  sunset  it  was  north  from  the  sun, 
as  from  circle  No.  S.  Tlio  »nn  wmild 
during  the  day  have  moved  nearly  its  own 
diuiiieter.  Ni-.\t  nioniing  wc  slionld  have 
Kcn  that  the  sna  lind  gone  |Muit  tlie  star  into  position  3,  »o 
tliat  tlic  latter  would  now  rise  before  the  former.  ISy  sun- 
m.-t  it  would  have  advanced  to  position  4,  and  so  forth.  Tito 
path  which  tlte  sun  describes  among  the  stai«  in  his  annual 
revolution  is  called  tlio  ecliptic.  It  is  marked  down  on  Maps 
II.,  III.,  IV.,  and  v.,  and  tlie  monih.t  in  which  the  snn  pafses 
through  each  portion  of  the  ecliptic  are  also  indicated.  A 
belt  of  tlio  hcuvcus,  extending  a  few  degrees  on  each  side  of 
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the  ecliptic,  is  called  the  zodiac.  Tlio  polot  of  llic  uulipliti  ore 
twu  o|>|xiBib!  poirilii.vActi  in  tlic  ceiiti-<>  <>f  one  nf  tlie  two  licmi* 
spheres  into  wliicli  Uie  eclijitic  divides  the  vclfstinl  s]iliere. 

The  dctermiiiiilioii  of  tli«  soliir  iiiotiuii  uruiind  lliu  ocliittic 
inn^v  b(!  t.-un«idui-cd  tlic  birth  of  astrotiuiniral  erienuc  'flw 
[treliLitorio  astrOTiomers  divided  the  cvliptic  niid  zodiac  into 
twelve  pai-tB,  now  familiarly  known  as  tho  bih^is  of  thu  zodiac. 
Tliia  proceeding  was  probably  Kiii^wted  by  iho  lu'cds  of  agri- 
cnltiirc,  und  of  llie  clu'onologiciil  reckoning  of  yeui^.  A  very 
little  observation  would  show  lliat  tho  chaii^-e  of  Uie  eenfioiid 
Arc  due  to  thu  vuriations  iti  tlic  iiioridiHn  nllilndu  uf  tlio  kiiii, 
and  in  tho  lenj^i  of  the  thiy;  but  it  was  only  by  a  caiwfiil 
Btndy  of  the  position  of  the  ecliptic,  and  the  motion  of  the  snn 
ill  it,  that  it  conid  be  Iciinicd  how  those  vanatiouT'  in  till)  daily 
conrM  of  the  »ini  were  bronj^lit  iibonl.  Thi*  sf.rdy  tJioxrml 
thai  they  wore  dne  to  tlie  fact  that  the  ecliptic  and  eipintor 
did  not  coincide,  but  wcro  inclined  to  each  other  at  an  angle 
of  botwoon  tw«nty-tlii"00  and  twenty-four  dcgreos.  This  in- 
clination I*  known  as  tbe  obliquity  of  tlio  ecliptic.  Tho  two 
circles,  equator  and  eclijitic,  cross  each  other  at  two  opixisile 
points,  the  poeitionti  of  which  among  tlio  total's  may  be  seen  by 
refei-ence  to  Miii«  U.-V.  When  ibe  »iin  is  iit  cither  of 
tbcse  points,  it  rises  exactly  in  tbe  eanl,and  set»  exactly  In  ttu} 
wMt;  one-half  it«  diurnnl  coni-se  is  abovo  tim  liorir.on,  and  the 
other  half  below.  The  day*  and  nights  are  thcrefi>re  of  cfjiml 
length,  fram  which  the  two  points  in  question  are  called  the 
£'/uinoxet. 

Thu  verniil  equinox  is  on  tlic  right-band  edge  of  Map  II. 
Leaving  that  equinox  about  March  21st,  tbe  sun  crosses  over 
tlic  region  rcpixscntod  by  the  map  in  tbo  course  of  the  next 
three  months,  working  northward  at  it  duu«  to,  until  Juno  20th, 
when  it  is  on  tho  left-hand  edge  of  tho  nia|>,  '2^"  north  of  the 
equator.  This  point  of  tho  ecliptic  is  called  llio  summer  tolstico, 
being  that  in  which  the  snn  attains  its  grciitci4t  iiorthcrii  declina- 
tion. When  near  this  soUlice,  it  rises  norlh  of  east,  culmi- 
nates at  a  high  altitude  (in  our  latitndes),  and  sets  north  of 
west.    Aa  explained  in  dMcnbiug  thu  diurnal  luutioii  of  au 
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ijoct  north  of  tliu  relcttial  c<]imtor,  more  timii  linlf  tlic  dnily 
uuiirae  of  tlie  son  is  now  above  our  horizon,  so  tiiat  our  anyi 
»ro  longer  tliaii  our  nights,  while  the  great  nioridian  altttiide 
of  thu  ftun  |jro<lu<.-e«  the  licai«  of  siimmcr. 

Tlte  portion  of  the  ecliptic  i-e))re6eulo(l  on  Map  II.,  eotn- 
nicneiiig  at  rlie  ^crual  equinox,  n-huri}  tlic  sun  croMiM  tho  ecpia- 
tor.  Win  (Jividctl  hy  lliu  eiirly  a»troMotnerA  into  llio  three  hljim 
of  Ariee,  tlio  liuin;  Titnnis,  tlic  Itnll ;  and  Gemini,  the  Twins. 
It  will  bo  60CII  t)mt  tlie«u  ugne  no  longer  coincide  with  tho 
con«Icllatitiii«  of  the  Mnic  name :  this  i»  owing  Lu  a  cliutige  in 
tlie  [)oei(ion  of  tlie  equator,  which  will  he  described  pi-etientlj. 

Turning  to  Map  III.,  we  sue  that  during  tli«  tJiroo  montlia, 
fraiii  June  to  S?v|>tc-niber,  the  sun  wuri.**  downwui-ds  towm-ds 
tlie  equator,  ivauhing  it  about  Septemhei*  Sutli.  The  \mhI  of 
eF06HUg  marks  the  autumnal  equinox,  found  also  on  tlio  riglit 
hand  of  Ma])  IV.  Tlie  da;-»  and  ni^it»  aro  now  onco  more  of 
v<iital  length. 

During  the  next  six  months  the  Mm  is  puling  over  the  n- 
gions  rBprofi«iiH>d  vu  Majw  IV.  and  V..  and  is  eonth  of  the 
ctinator,  its  grcutL-:^t  m.>uthcni  dcrlinntion,  or  "the  southern 
8oUti<-e,"  being  readied  about  Dcwniber  SUt.  Moiv  tlian 
half  il.4  daily  course  i»  tlieu  below  the  horixon,  so  that  in  our 
ktitmlca  the  nights  are  longi>r  than  the  dni's  and  tlie  low 
noouday  attitude  of  ihc  sun  given  ri«c  to  thv  i:old«  of  winter. 

Wc  have  no  historic  record  of  this  division  of  the  zodiao 
into  signs,  and  the  ideas  of  the  authors  can  only  lie  inferi-ed 
from  collateral  oircTinislimccs.  It  lias  been  fancied  that  tho 
namc«  were  suggested  by  the  seasons,  tho  agricnltnral  ojtera- 
tioi»,  and  so  on.  Thus  the  spring  oigna  (Aries,  the  liam :  Tan- 
nis.  tliB  Bull ;  and  Ciemini,  tlw  Twins)  are  snpposod  to  mark  the 
bringing  forth  of  young  by  tlie  AocV*  and  herd.*.  Cancer,  tho 
Crab,  marks  the  time  when  the  sun,  having  attained  its  gn?at- 
cst  declination,  beging  to  go  back  towards  the  equator;  and  the 
crab  having  been  supjiooed  to  move  Itackward*,  hici  name  waB 
given  to  this  sign.  Leo,  llio  Lion,  symboHzes  the  fierce  heat 
of  Slimmer;  and  Virgo,  the  Virgin,  gleaning  eom,  symbolizes 
the  harvest.    In  Libra,  the  ]!aIunoe,thc  day  and  night  balance 
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each  <rtbor,  bein;r  of  eqcsl  Icngtli.  Scorpins,  tlie  &cor|)ion,  is 
supposed  to  Itave  marked  llie  prc^^nce  of  %-enoinoits  reptins  iii 
October;  wbilo  Sa^itariii^  llto  Arclicr,  svinbulizes  the  eeasoti 
of  htiDting.  Tliv  cxpUimlion  of  Cftpncunirw,  tlic  GoM,  b  more 
faiicifiil.if  possible. than  t)tat  of  Cancer.  It  was  snppoMd  that 
this  animal,  aacendioj;  tbo  liill  as  )>c  feeds,  in  onlcr  to  reach 
tlie  grus  muro  ca»ily,  on  readiing  tltc  top,  tunis  back  again,  lo 
tliat  his  name  was  used  to  mark  tlio  eign  in  whicli  tlie  situ, 
frviii  going  eoiilli,  bc^ns  to  rvtiiro  to  the  north.  Aqiiarine. 
tliv  Water-beoror,  »;nibulin»  tite  winter  rains ;  and  Piscw,  th« 
Fislieo,  the  season  of  tislie*. 

AU  this  is,  however,  mere  conjectnre;  the  onljr  coincidences 
at  all  striking  being  Virgo  and  Libra.  The  names  of  the  con- 
GtclUtioiu  wuro  probably  given  to  tli«in  wveral  ceiitnrie»,por^ 
haps  even  thousands  of  years,  before  the  Christian  era ;  and  in 
that  case  tlie  zodiacal  constellations  wonld  not  have  vonv«{)ond- 
ed  to  lbs  seaBons  we  havo  indionted.  An  attempt  lias  even  ttecn 
mnde  to  show  (hat  the  names  of  ihe  zodiacal  eoitstellatioiis  were 
intended  to  commemorate  the  twelve  latmre  of  llercnlce;  bat 
this  theory  rests  on  no  better  foundation  than  the  otlicr. 

T)io  zodiacal  constellations  oooiipy  quite  unequal  sp&ces  in 
the  heavens,  as  may  be  seen  by  inspection  of  tlio  maps.  In 
the  ke^nning  they  were  simply  twelve  huii£«s  for  the  ann, 
which  that  luminary  oocnpicd  in  tlio  coiikc  of  llie  year.  Hip- 
parchiis  foniid  this  *\-«lcm  entirely  inanfficient  for  exact  astron- 
omy, and  rherefore  divided  the  ecliptic  and  zodiac  into  twelve 
eqnal  ports,  of  30°  each,  called  signs  of  tlic  zodiac  lie  gave. 
to  lli€«e  »igti8  the  nnine«  of  ihc  constcltationA  most  nearly  oor- 
responding  to  tbcm.  Commencing  at  the  vernal  otjiiinox,  the 
first  arc  of  30°  was  called  the  sign  Aries,  the  second  the  sigu 
Tanni?,  amJ  so  fortli.  The  mode  of  reckoning  positions  on 
the  ecliptic  by  signs  was  continued  nntil  the  la^t  century,  but 
is  no  lougvr  in  nse  among  professional  astronomers,  owing  to 
its  inconvenience.  Tlio  whole  ecliptic  is  now  divided  into 
860%  like  any  other  circle,  the  eoimt  commencing  at  the  %'emal 
eqoinox,  and  following  the  direction  of  the  eim's  motion  all  tho 
wsv  round  to  360°. 
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iif  compnnng  hie  awn  obeorvatioiis  witli  tluMO  of  preceding 
afitroaomers,Ili|>I>«i-oliii«  found  tluil  the  v<]uitiox(M  n-cra  »lowly 
ftbiflirij;  their  [>laues  ninon^  the  eturs,  the  clutii^  being  at  Iciiat 
a  defiree  in  n  centarj  towards  tlm  west.  JIi«  etiracseura  Avtcr- 
tuiiiLMl  it  wiih  gifattir  exnctiie«»,  nnd  it  is  now  known  to  be 
neurly  a  degi-ee  in  seventy  j-ears.  Careful  study  of  tltc  (iliniigo 
shows  that  it  is  duo  mainly  to  a  motion  of  tlic  vqnator,  which 
a^in  arUcs  fi-oni  a  vlian^  iu  the  directxiD  of  the  )ioIc.  Tlie 
[)0«ition  of  tiie  eciii>tia  uiAong  tlie  stars  varies  so  elowly  that  the 
changu  can  be  suen  only  by  the  n>tiii«d  observations  of  modern 
iimu(.  In  iho  explanation  of  tito  diuinal  nwtion,  it  was  sitited 
that  tliere  was  a  certain  point  in  the  heavens  around  whidi  all 
iho  heavenly  bodies  toorn  to  pcrfonn  a  daily  rovolulion.  TIliB 
I«)int,  the  pf»Ie  of  the  lic«venB,  i*  nmrkrd  on  the  ccuire  of  Map 
I.,  and  is  also  in  the  centn;  of  Fig.  2,  page  10.  It  is  little  more 
llittii  a  degree  distant  from  the  pole  star.  Now,  precL^sion  tval- 
iy  (:onf(iat«  in  a  very  slow  motion  of  this  jKilo  itround  the  [joIo 
of  the  eclipse,  the  rate  of  motion  1>eing  such  as  to  earn*  it  all 
tlie  way  round  in  abunt  25,300  yenrs.  Tliv  cxat-t  time  has 
never  been  (Alciilatcd.  and  would  not  alivnys  bo  tlie  ssmo,  ow- 
ing to  some  small  vnriationii  to  which  the  motion  i»  subject; 
but  it  will  never  differ  mueh  from  this,  Tiiorc  is  a  \-e17  slight 
motion  to  tlic  eeliplia  il«clf,  and  thercfoiv  to  il«  ]k>1o  ;  and  this 
fact  rendcre  the  motion  of  the  pole  of  the  equator  amnnd  it 
somewhat  complicntod;  but  tlio  cqtw  described  by  tho  latter 
U  very  nearly  a  circle  46"  in  cliametcr.  In  th«  time  of  Uip- 
pardiUB,  our  pi-oecntpole  star  was  Vi,"  from  the  )Hile.  Tlie  \ki\a 
liaa  been  npproavhiiiv  it  steadily  over  since,  nnd  will  contiiiiie 
to  appixMU^h  it  till  almnt  tho  year  2ltlO,  when  it  will  Klowly 
pass  by  it  at  the  dUtancv  of  tees  than  half  a  dc^vo.  TI:o 
oourso  of  tho  pole  dnring  the  next  13,000  years  is  laid  down 
on  tho  map,  and  it  will  lie  scon  that  at  the  end  of  ilmt  time 
it  will  b«  near  tlio  constellation  Lyia.  Since  the  equator  is 
always  90°  distant  from  tlie  pole,  there  will  be  a  correspond- 
tH|[  molioD  to  it,  and  liouce  to  tho  point  of  its  crossing  the 
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•cliplic  To  *l«w  this,  llie  paiitioii  of  rlie  equator  2000  \ftn 
■go.  u  well  M  its  pre^nt  (toisition,  U  given  on  Map  If. 

The  i-eader  wilt,  of  coutt«,  undewraiKl  llmt  the  various  oe- 
lOMiiil  inuvcniciirn  uf  wliidi  we  ha»e  sjwken  in  tliis  clia])tor  avo 
OdIv  fti>]>»retil  motions.  Slid  »re  diic  to  tlic  inutiuii  of  tl>e  eattll 
itself,  as  will  l>o  ox|)1aii>cd  in  the  chapter  on  the  CojiciTili'an 
MXoni.  Tlio  (linmiil  revolnlioii  of  the  fele»t!n1  i')>h<'re  \*  due 
to  tlie  rotation  of  ilm  L-aith  on  ils  uxis,  wliik*  pn-wseion  is  real- 
ly a  vltaiigo  in  t)>e  dirovtioit  of  tliat  axis. 

One  iinjKirtnnt  effect  of  preceeBioi)  is  that  one  i-evohilion  of 
tlie  iHin  anion;^  the-  Hars  (lo«.-6  not  accurately  cori-i'^jjund  !•>  tlie 
retiini  of  the  tame  scan>n«.  The  latter  de)>en()  n]M(n  the  [<o«i- 
tion  of  tlte  oun  relMlive  to  the  cqninox,  the  lime  when  ttte  snn 
CTOGsee  tlie  eqnaior  lowaidi^  ihe  ttortli  iilwny«  marking  the  eea- 
Bon  of  F|)ring  (itt  tlie  nunlicrn  hcnit^phcrc),  no  matter  witere 
tin  HiH  nniy  Itc  among  the  fclan'.  If  the  equator  did  not  move, 
tho  flnii  wonid  aWays  vroes  it  at  nearly  the  »iinc  |M>iiil  aniMtg 
the  Blare.  Bitt  when,  elarring  from  the  vcnnil  cqnittox,  it 
make*  the  (-inmit  of  (lie  heavcnc  ainl  reinnw  to  it  aiiain,  the 
motion  of  the  eqnalor  has  been  cmc-h  that  the  enn  uroiK^M  it 
SO  iniiintefi  before  it  reaetiea  tlie  same  star.  In  one  year,  tlitt 
difference  ie  wry  email ;  bnt  by  its  conMant  accnnmUlinn,  at 
tlie  mle  of  SO  minnre»  a  year,  it  becomes  very  coiMideraldo 
after  the  lapse  of  eentnries.  We  tnnst,  therefore,  distinjpiitli 
Iretween  the  eidcrval  and  the  troj>ieal  vear,  the  former  licinj; 
the  period  n'qnired  for  one  revolution  of  the  sitn  amonp  the 
6tars,  the  hiiter  that  reqnired  for  his  relnrn  to  t)>e  same  cqni- 
nox,  whence  it  ih  sI*<i  mlled  the  cqninootial  year.  The  oxitd 
len^llim  of  tlicse  respective  years  are: 

f^r^  Out*    Ibvi.  UK    >■. 

»ldw«ily«ir. „... „ .16.-..*Mi8fl  =  305      fi       H       9 

Tn4«nil  tnr aOr>.:!42SO  =  905      C     4B     M 

Sini'u  rhe  it'eiirtenoe  of  the  «ca»onH  degtends  on  the  rmpical 
year,  the  hitter  is  the  one  to  be  n&cd  in  forming  the  calendar, 
anil  for  Ihe  pnrpoaes  of  (.ivil  lifu  ;;enei-ally.  Its  trne  length  is 
11  minutes  14  ee<>midx  lew  llinn  3li^  dny^  Some  rvsidts  of 
tliie  diffcreuuc  will  be  sliown  in  explaining  the  calendar. 


rff£  ifocv. 


§  5.  TVio  SIoQixi  IfolioH. 

Ever;  one  knovi-v  diat  the  moon  makes  *  i-evolntjon  in  tlie 
^feMl<!^iia)  »plici-c  ill  About  a  in<iiit)i,  and  tliat  dni-jiig  ha  i-evolii- 
don  it  i)i<esents  a  iiiiin)>er  of  r]iffi-rcnt  ))liiwc«,  known  as  ''iie»- 
iiiooit,"  "lipst  (jiiartcr,"  "full  moon,"  atiil  ao  on.  (loiicnditij* 
oil  iU  piwitioii  i-claiivti  to  tlic  biiii.  A  study  of  tliefie  |>lmso« 
diirinjf  a  biitgle  revulalioii  will  tii»k«  it  clvai-  tliut  tlio  moon  is 
a  ■flubtitnr  dark  body,  illuminateil  by  tlie  li;;1it  of  llie  Min,  a 
fa<-t  u'liidi  lias  bcon  evident  tu  uii^'ful  ubeencis  fmio  llie  re- 
iiH>teat  aiitii]iiitr.  Tliiii  may  be  i)lu»ti-nlud  by  taking  a  lar^ 
globe  to  rc|>ruH.-nt  t)ie  tnoon,  |Ki!iiling  one  half  white,  to  rajf 
nttent  thv  half  on  whidi  the  enti  ehincf,  niid  thv  utlicr  lialE 
dntlc.  Viewing  it  at  a  ]n-oi>er  dlMniice,  utid  tiimiiig  it  into 
different  [MMitione,  it  will  be  found  that  the  visible  jiart  of  tlio 
while  half  may  be  made  to  itiiitsto  tlio  ^'arlons  appcnmni-cs  of 
the  moon. 

As  the  81111  niakce  a  i«voliitioti  around  llie  ecWsIial  spliere 
in  a  1,-cnr,  &•>  the  moon  makes  a  similar  rvvulnliun  among  the 
ttora  ill  a  liltic  mom  than  27  dny^.  Tliift  motion  can  be  «teii 
Ml  any  rk-nr  night  liotvr<<cn  tii-i>t  qiiHiter  and  full  moon,  if  the 
iiioon  hapfwns  to  he  nt^'iir  »  bii^it  ttnr.  If  the  fioeition  of  the 
moon  relatively  lo  the  «.lur  bu  noted  front  hour  to  hour,  it  will 
be  found  tlmi  she  is  eonstaiitly  Morkiiig  towai'd')  the  east  by  a 
distance  equal  tn  her  own  diainoler  in  an  hour.  The  follow- 
ing night  iJiu  will  bo  found  from  12'^  to  14'^  east,  nf  tlio  -tar, 
•nd  will  riw,  vrvast  the  meridian,  aiid  set  from  !m!f  an  hour  lo 
ui  honr  later  than  &1ie  did  the  preceding  ni^it.  At  thd  end 
of  ^7  days  6  hour*,  kIic  will  bu  iMitrk  in  llio  Nimo  |M«ilio» 
■imtng  tlie  vtars  in  whieh  »lio  was  iii-!<t  eecn. 

If,  hou'ever,  starting  from  one  new  moon,weeoiiut  forwards 
thi«  period,  wo  thall  liiid  tJiat  the  moon,  nltlioiigh  fvhe  has  re- 
turned to  the  same  posit-on  among  the  stars,  has  not  got  back 
to  now  moon  again.  Tlio  reason  is  that  the  cnn  has  mo\'cd 
forwfli'di',  in  virtue  of  his  apparent  annual  motion,  so  far  that 
it  will  require  moi-o  than  two  days  for  ihc  moon  to  overlnke 
him.    So,  although  the  moon  i-cally  revolveis  around  the  earth 
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in  37i  dajH,  tli«  average  ititen'kl  between  one  new  moon  and 
|]ic  next  is  29i  daj-s. 

A  campguison  of  tlie  pliaecs  of  Uie  moon  n'itli  her  direction 
will  kIiow  Uiat  tlte  Kun  \*  ninny  timm  rnoi-o  distant  tlian  tlio 
moon.  In  Fig.  5,  let  H  be  tlie  ]>onitioii  of  nn  obaervcr  on  tlie 
eartb,  M  tbo  moon,  and  S  (be  euii,  illmuinating  ono  lialf  of  it, 
Wben  tbo  observer  sees  tlie  moon  in  !ier  flret  quarter — tbat  \f~, 
wbeii  her  disk  apjtears  exactly'  balf  illinninfltccl — ihe  angle  at 


.tf©- 


Fto,  gi.-jlbuHlRg  the  inn  to  be  hrlliei  Ihnn  lh>  iikkvd, 

ttie  moon,  bftuTcn  tbc  obwrver  and  tbo  auii,  must  be  a  right 
an^le.  If  t)ic  sun  were  only  al>ont  fonr  timea  sa  far  as  ilie 
moon,  as  in  tbe  tignrc,  tbe  observer,  bv  incaanring  tlio  anfile 
^j&W between  tlie  aim  and  moon,  would  tin<l  il  tu  l>e  76" ;  and 
tbe  nearer  the  aun,  tbo  amallei'  be  would  lind  it.  But  actual 
nioasiirenient  wonld  show  it  to  be  so  near  SKI"  lliat  tbe  d!f- 
ffifncu  would  bo  impcrc-optiblo  witli  ordinary  in&tninienta. 
llunee,  tlic  snn  is  really  at  tbe  jioint  wlicrc  the  dotted  line  and 
tlio  line  MS  continued  nieot  eacli  otber,  wliicb  is  many  times 
the  dislaniw  JS'J/  to  tlio  moon, 

Tbi«  idea  wa«  applied  by  Aristarehiis,  wlio  flourished  in  the 
third  eentiiry  before  Christ,  fireneding  both  lli)iimrcbus  and 
Ptolemy,  tu  ik-tcrinino  llio  distance  of  llie  siiu,  or,  more  ex- 
actly, bow  many  time»  it  exceeded  tbe  dtHlance  of  the  moon. 
lie  found,  by  measnrenient,  tliat,  in  tbe  iHifitiuti  rDpiiiwnted 
in  the  figure,  tlio  distance  bet\veen  the  directions  of  the  aan 
and  moon  was  87**,  and  that  the  euu  was  thereforo  somotliing 
like  twenty  times  as  far  as  the  moon.  We  now  know  that  this 
result  was  twenty  times  too  small,  tbe  angle  being  n^lly  m) 
usar  90'*  that  Ari»tarchus  could  not  determine  the  difference 
vritli  certainty.     In  pi-inoiple,  tlie  method  is  quite  eorrcet,  aitd 
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vtty  ingcnfoQS,  but  it  cnnnot  be  Applied  in  pmctioo.  Tho  one 
inniiperalile  difficulty  of  the  method  arises  from  tlie  impoMJ' 
bility  of  sooiiig  when  tho  moon  is  exactly  lialC  ill ti minuted, 
tlic  iintrertuinty  ari»i)ig  from  tlio  iiicqiwlities  in  tl>o  lunar  »ur- 
face  beinj;  greater  than  the  whole  angle  to  be  meastircd. 

Wutcliing  and  nin]>|>iiig  down  tho  path  of  tbe  moon  ftroong 
tlic  staiv,  it  in  fonnd  not  to  be  tlic  tiamo  with  tliut  of  Ibo  ean, 
bein^;  inclined  to  it  altout  6".  The  jxtths  cross  eseh  oilier  in 
two  o]i)>grsitc  pmntB  of  tlie  hcarcne,  called  the  moon's  mKka 
Tho  |)iilti  of  tlic  inoun  in  tho  middle  of  tUu  }*«nr  1877  in 
marked  on  «tar  MnjM  II.-V.  Referring  to  Map  III.,  it  will 
bo  s«<.-ii  (bat  tbe  descending  node  of  tbo  moon  ie  in  the  con- 
BtcUalion  Lev,  very  near  tbo  star  H^ilii«.  Here  tlic  nioou 
f$gae»  Boiitli  of  or  below  the  eetiptic,  and  coiitinocH  below  it 
over  tJio  wlwle  of  Map  IV,  On  Map  V,,  it  apinxAchcs  the 
oclii>tk-  again,  uroning  to  the  iiortli  of  it  in  the  contttellntion 
AijuariiLs  and  continuing  on  tliat  side  till  it  it?achce  Reguliu 
tmoo  more. 

Such  i«  the  mooiiV  path  in  July,  1877.  Itnt  it  1$  con- 
stantly cbangiiig  in  conteqiiciice  of  a  motion  of  tho  nodes 
towards  tbe  west,  amoiintiiig  to  more  tliati  a  degi'ee  in  every 
revolution.  In  ordur  llmt  tbe  line  drawn  on  the  map  may 
eontiniio  to  rcpR>»cnt  the  path  of  the  moon,  wo  must  »iippo«o 
it  to  slide  along  the  e<-li|>tic  towanls  the  right  nt  the  rate  of 
abont  SO"  a  year,  eo  that  a  slightly  diffci-cnt  path  will  Ihi  de- 
scribed in  every  monthly  revolution.  The  path  will  always 
cross  llio  ecliptic  at  the  Mnic  angle,  bnt  the  moon  will  not 
always  pasa  over  the  same  staiif.  In  An|n>st,  1S77,  ehe  will 
eroes  tlio  ecli^itic  a  little  fnrtltcr  to  the  right  (west),  and  will 
ptM  a  little  below  Regnliia.  Tlie  change  going  on  fmm 
month  to  mnntli  and  from  year  to  year,  in  a  little  te(«  tlian 
ten  years  the  ascending  node  will  he  found  in  I/:o;  and  the 
otiier  node,  now  in  IjOo,  will  have  gone  back  to  Aqiiarina. 
In  a  period  of  eighteen  years  and  seven  moiitlis,  the  nodes 
will  Irnvv  made  a  complete  revolution,  and  the  path  of  tlia 
moon  will  Itavc  resumed  the  position  given  ou  tlio  map>. 
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§  0.  Ed^Mu  of  the  Sun  and  Moon. 

The  early  inlmbitanls  of  the  woild  were,  no  doubt,  terrffiedl 
by  Uio  (Kcasioiial  tcciiri'cnvo  of  c«1i|i«cc  iiianjr  agcx  bbfoMti 
tlwrc  were  oslronoiiicra  to  explain  liieir  eaiiacs.     But;  tlie  mo- 
tifiiis  of  tbo  sun  and  moon  eonid  not  bo  observed  vei-jf  longj 
without  lliu  ouiiMcii  bcii){t  seen.      It  win  evidunt  ibnt  if  tlit' 
luooii  eboiild  ever  i-bnnve  to  ])ilm  between  tbe  eailb  mid  tbe 
Bun,6lin  niKst  cut  off  some  or  all  of  bii;  li^lit.    If  tbe  twn  liodios 
followed  tlio  Kainc  truck  in  tbo  liejiven«,  tbeiv  would  be  a» 
ecliiise  of  tlic  biiii  everj'  new  moan;  but,  owing  to  tlie  incli* 
nation  of  llie  two  orbits,  tlio  moon  Mill  ^oncmltv  ]>ass  abo\*e| 
or  Iflow  llio  Hinp,  iind  llienj  wilt  be  no  eulijise.     If,  however/ 
tlio  sun  liapifens  to  be  m  the  ituigbburliood  of  tlic  niooti'e  node 
M-licn  llie  iiio<>ii  [>»#ec«,  tboti  tbcro  will  be  iiii  (.-c'li]«f.     1-Vir  wiJ 
exani|ile,  let  ns  refer  to  Map  III.     We  see  that  the  stin  pittMS 
the  moon's  desoondiiig  node  about  August  ^5tb,  1877,  and  is 
within  20°  of  tliis  node  from  cwly  in  Aiijiusl  till  tbe  middle 
of  S(;j)t«inbcr.    The  moon  pa8Be«  the  mui  on  Aii-^iiHt  8tli  and 
Sejdember  Gtli  of  that  venr,  which  are,  thmefoi-c,  tlic  dates  of 
ncH'  moon.     At  ibo  111%!  date,  tlio  moon  jmu^cs  eo  far  to  the 
iioj'tli  tlint,  Bi  seen  from  the  eciitiX!  of  the  earth,  tbore  i«  no 
eoli)>i«  at  all;   but  it)  tJis  norlliern  part  of  Asia  tbe  moon 
would  lio  seen  to  cut  ofF  n  smalt  imitiuii  of  tho  miii. 

While  the  moon  U  performing  another  circuit,  tho  sun  liM 
moved  so  far  pnat  the  node,  that  the  moon  paasos  eontli  of  it, 
and  there  jb  only  a  email  eeliji^e,  and   tbnt  w  \i»iblc  only, 
around  tho  ivgioii  of  CajKf  Horn.     Tlius,  there  are  two  solar' 
ecli|i3ca  wliilo  tbe  fiuti  is  passing  this  node  in  1S77,  but  both 
are  very  email.     Indeed,  every  time  tho  Bini  crosses  n  ni 
the  moon  U  siiro  to  cniss  h\»  imth,  eitlicr  before  iie  i-cncboA^ 
the  node,  or  licfore  he  gets  far  cnougli  from  it  to  be  out  of 
the  way.    As  lie  croeees  botJi  nodes  in  the  course  of  the  year^J 
thertf  must  be  at  Icatit  two  Rolar  culiptte^  every  year  to  somi 
{)0)nti4  of  tl>0  eai'th's  surface. 

The  cause  of  lunar  eclijecs  might  not  liavo  bci^n  so  easy  to 
gucts  ac  was  that  of  solar  ones;  but  a  great  number  eoiilil 
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not  JiaTO  been  obeorvcd,  and  ilioir  times  of  occoiTcnco  recoi-d- 
ed,  without  its  being  noticed  tlint  tlicy  nlwajn  occunud  ml  full 
moon,  when  the  eartli  wns  op|>osite  the  fiiin.  Tlio  idea  thiit 
tbo  uurtl)  i:A^t  a  eliadow,  and  that  tliu  uiooa  ptisecd  into  ir, 
could  ibvii  linrdly  fail  to  i^iiggctt  ilw-lf ;  and  wu  lind.  iicoord- 
iii^Iy,  lliat  tlio  carlioat  olnaervera  of  tJte  lieavciia  were  [leifi^ctly 
ai:<|iininlcd  with  t]io  caiiee  of  lutmr  vclipMe. 

Tbu  nm^i^n  why  ei:li|xt«8  of  ihu  imiuii  only  occnr  occu«ion- 
ally  id  of  iho  same  general  nattiro  willi  that  of  tlie  rare  occui-- 
renoo  of  eoIiic  eelipecs.  Tho  cvntru  of  lli«  mrth's  shadow  is 
always  like  (he  «iin,  in  the  ecliptic;  and  unlcso  the  niuoii  liap- 
ftenB  ti>  be  very  near  tho  ecliptic,  and  tlierefore  very  near  one 
of  her  nodca  at  tiio  tiino  of  full  moon,  ^lio  will  fail  to  strike 
iho  ithadow,  ]iiiMing  al)ove  or  below  it.  Owing  to  tlie  gixiat 
inagiiititde  uf  thu  Mtn,  tlie  earth's  elmdow  is,  at  the  distance  of 
tlie  moon,  mnvli  smallor  than  the  canli  itself.  Tlio  rcMult  of 
this  ii,  tliat  the  moon  mnftt  bo  dcotdedly  ni^arer  her  node  (0 
produee  a  lunar  than  to  pmdoce  a  solar  eclipse.  Sometimes 
a  whole  your  \m*M  witlioiit  tliora  being  any  eclipse  of  the 
moon, 

'Die  nature  of  an  eclipee  will  vary  witli  tJie  ]>ositions  and 
ap|Kirt>iit  mngnitndoB  of  the  sun  and  moon.  Let  ua  HUppone, 
tint,  tluit,  ill  a  mIdt  ccli|>«o,  tlio  centre  of  tho  moon  happens 
(o  |Mi«  exactly  o\fr  the  centre  of  the  snn.  Tlii-n,  it  is  clear 
lliat  if  the  Hp)>Aivnt  angular  diameter  of  the  moon  exceed  that 
of  till!  sun,  tlie  latter  will  be  entirely  hidden  fmm  view.  This 
b  called  a  tvt(U  ^fdipti  of  the  tun.  It  \»  evident  tliat  eucli  an 
ecli[)6e  can  iK^cur  only  when  the  observer  ia  near  the  line  join- 
ing the  cciilii»  of  ttw  aim  and  moon.  If,  nndcr  tho  same  cir- 
cmmstancea,  the  appqu«nt  niafj-nimde  of  the  moon  is  Icm  tlian 
that  of  tho  sun,  it  is  evident  tbat  the  whole  of  the  latter  eannut 
be  ouvKtcd,  lint  a  ring  of  light  aroinid  his  edge  wilt  still  ho  visi- 
ble, niis  is  called  an  annular  eclip««.  If  tlic  niooii  doe*  not 
pass  centrally  over  the  sun,  then  it  can  cover  only  a  portion  of 
t)to  latter  on  one  side  or  the  other,  and  t}ie  ucli)>ifc  \t  Kaid  to  be 
partial.  So  witb  the  moon;  if  tbe  latter  is  only  pat'tinlly  ir.i- 
merscd  in  the  earth's  shadow,  tbe  eclipse  of  tlie  moon  is  called 
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parttcU;  \t  ahe  is  totally  immersed  in  it,  80  tliat  no  direct  eud- 
Ijjht  can  reach  her,  the  cclipeo  is  eaid  to  be  total.    An  an- 


Fi»t AdouIuhHiih  oribt  loa. 


Viu.  I.— Parlml  icli|»<  u(  u.^  (ao. 


nular  eclipeo  of  tbc  moon  ie  impoeeible,  boeaui^'  the  c-artli's 
dindow  tlwftys  exveedit  tlic  dinnietcr  of  the  motm  iti  breiultb. 

Sonio  points  reepocting  eclipses  will  be  eecii  more  clearly 
hy  roferonvu  to  tlie  accompunying  figures,  in  wbk-h  Is  ropre- 
8ent»  the  nun,  E  the  eartli,  and  .V  tiio  moon.  Refomnj;  to  the 
fini  figure,  It  vrill  be  Been  llint  an  observer  at  either  of  the 
points  marked  O,  or  indeed  anywiiere  ontside  the  abaded  por- 
tions, will  «oe  tlie  wliole  of  tbe  »tiii,  m  tliat  to  liiiii  thciu  will 
be  no  ecli(»«  at  all.  Within  tlie  liglitlv  shaded  regions,  marked 
PP,i!tiie  emi  will  be  partially  eelipeed,  and  more  so  as  the  ob- 
eervor  is  near  ibc  centre.    Tlii&  n^ion  is  called  tho  peuiimbi'a. 


PlAt.— E<li|n(>  iifilir  •111],  Vat  ihAilnnof  Ibc  noon  Talltiiuuii  Ih^Mrtb. 

Witliin  tJie  darkest  parts  between  ilie  two  lottei-^  7*  is  a  r^ion 
where  the  eiin  is  totally  hidden  by  the  inoon.  This  i3  tho 
eliadovr,  and  ite  form  'v6  that  of  a  cone,  witli  its  baee  on  the 
moon,  and  it«  |ioint  cxlcnding  towards  ttie  enrl)i,  Now,  ic 
happens  that  the  diameters  of  tJifi  fiin  and  moon  are  verjr 
nearly  pix)poi1ional  (o  tiieir  respective  mean  dietancca,  so  that 
the  point  of  tbi«  vbadow  nlmo»t  exactly  readier  Ilie  surface  of 
ths  cnilh.  Indeed,  exi  near  is  the  adjiiiitment,  that  tlio  dark 
shadow  snmetimee  reaches  tlio  eartli,  and  eonietimes  does  not, 
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owing  to  the  eindll  chants  in  the  distance  of  the  i^iin  nnd 
moon.  Wlit-'ii  Iho  shadow  reaches  tliu  uartli,  it  is  cumpai-anve- 
\y  very  narrow-,  uwiiig  to  in  being  so  near  iM  shiu^  puiiit ;  bnt 
if  ati  whserveroin  fttntion  hiiiiHetf  within  it,  ho  will  seo  •  totnl 
eclipse  of  tlie  sun  duiing  the  ehort  liniu  the  ehttdow  is  {iHsaing 
over  him.  If  ttic  reader  will  study  the  lignre,  he  will  h-o  why 
n  total  eclipse  of  the  siiti  ia  so  nu«  at  anv  one  phiijo  on  the 
earth.  The  itliadow.when  it  reaches  tlio  vai-th,  is  so  near  down 
to  a  point  tltat  it«  diameter  is  not  eeiioi«lly  tiKii-o  than  a  hnn- 
dred  inileA;  voiiM'tjiientl}',  each  total  ecli|i6G  in  vitiililc  oniy 
along  a  bell  which  raajr  not  averogu  uioro  thau  n  hundred 
miloe  ftcroeb 

Iti  most  eclijisea,  the  shadow  ciiin«!i  to  a  jioint  Itefoiv  it 
reachiM  the  earlli ;  in  tiiia  ease,  tlic  appui-cnt  angular  diameter 
of  tJie  moon  ia  leas  than  tltat  of  the  snn,  and  llii'ro  can  bo  no 
lotal  ccli|»e.  Dtit  if  nn  olitcrvcr  ]'\nix»  liini#elf  in  a  line  wnli 
the  centre  of  the  shadow,  he  will  see  an  annnlar  eclipse,  the 
sun  allowing  ilsoU  on  all  sides  of  the  moon. 

The  next  tigitro  ftliows  ii«  the  fonn  of  the  earth's  eliadovr. 


Hie  earth  being  innch  Inrgcr  than  the  moon,  its  shadow  ex- 
tends far  beroiid  it;  and  where  it  reaches  the  uioon,  it  is  al- 
wzy*  ao  mnch  larger  than  tho  latter  that  she  may  be  wholly 
imtpersed  in  it,  as  shown  in  thu  ligure.  Now,  suppose  tlie 
moon,  in  hor  course  round  tlic  cnrtli,  to  pass  centrally  through 
the  frhttdow.and  not  almvo  or  t»elow  it,  as  slio  cumiuouly  does; 
then,  when  she  enlerL-d  the  shadwi  mgiou,  inrnked  P.  wliich 
is  called  tlie  pcnnmbm,  an  obecrver  on  her  eiirfnce  woidd  we 
H  pttTtial  ixli|)se  of  tlie  son  caused  by  the  intervention  of  tlis 
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maih.    TIio  lime  witm  tliU  begiu  t»  git-en-in  the  aiiuaime^^ 
l«iiig   ex|traHe(l   bjr   llie   words,  "  Uuuii    enters  ptntiiubn.*' 
Some  of  tlie  «tn1ig)it  i*  tbon  ctit  off  from  ilte  ii>ooti,  ao  tint 
ths  lattrr  b  »»t  *o  Iiriglil  u  uaiial;   but  ilto  o;-e  docs  notl 
iKrtioe  ftitr  loM  of  W'j^tl  tintil  ttto  moon  altnuet  reocLoi  the , 
dark  •liadoMr.    As  t\tc  cntcri  tl>e  flmdow,  %  jioriioii  of  Iter  »ur* 
fftue  toctna  to  bo  viit  oif  and  to  diuppeai*  entirelv.  and  licr  «!»- 
iblo  portion  amtionallv  grows  eiualler.  until,  in  i-uh}  of  a  li>tal 
oJi[)Hi,li«r  wliolc  di»k  is  imnioixcd  in  llic  iJiiuUiw.    >Vlit»  ilii« 
oocun,  it  t&  found  ttint  site  \n  not  rntirel,v  inviailile,  but  eiill 
faintly  eliines  witli  a  Ini-id  copper-oolored  li^^iL    Ttiia  liglit  it 
tvfrscloil  into  tlio  dindow  by  tlte  Ultli's  utno«|ib«iv.  and  ic* 
nmimnt  may  tw  {greater  or  len.  aooording  to  ibe  qnantity  of 
ctonds  and  inpoi-  in  tbo  atmoapltere  around  that  belt  of  tlu 
carib  wbk-)i  tlio  »inli;;1it  niitst  grKEC  in  order  to  rradi  tlic  nioau. 

In  iitM>ni  Iiitlf  of  il>«  Innnr  o<:lii»c*,  ibe  moon  passes  m  far 
above  or  bt-Iow  tlie  centre  of  tlie  diadow  tbat  part  of  bor  body 
is  in  it,  and  jmrt  ontBido.  at  tlio  lime  of  grcflle«t  vclijiM.  Tbi4 
is  lulled  tKj}»rti<d  edijnt  of  iho  inuon.  Tbc  inngiiitude  of  a^ 
partial  ccli)i«c,  wbetlier  of  the  Hnn  or  tnoon,  was  ineasnn-d  by 
tlic  older  astronomers  in  digits,  Tbo  dJHincIer  of  tlic  solar  or 
Innnr  dick  vii\»  ilivldrd  intu  twelve  O'lnal  )iiirtm  cftlled  digits; 
and  tlte  rnn^iitnde  of  the  eclijMC  was  said  to  lie  e(|ual  to  tlie 
linmber  of  digits  cnt  off  by  tbo  shadow  of  the  enilh  in  case  of 
a  tnnar  ei.ili[)«e,  or  by  the  moon  in  ui9c  of  a  aolar  (!uli)iw.  Ttte 
most  ancient  nsIromimerB  were  in  t)to  babit  of  meaenring  the 
digiu  by  surface:  when  the  mmn  was  said  to  be  (.-elipeod  fonr 
digit*,  it  nieiuit  that  onc-thinl  of  Iter  tmrfnce,  and  not  one* 
ibird  her  diameter,  was  eclipsed. 

The  dnintidii  of  an  L-vlijiec  \-aric«  )>otwoen  very  wide  limits, 
aooording  to  wli<ilher  it  i«  niraily  (.■cnlral  or  iho  coiitrary.  Tlie 
dtiration  of  a  solar  eclipe  depends  u|)on  tlie  lime  rei]nirud  for 
the  moon  to  pass  over  tliu  distance  fmni  where  »he  lii«t  comot , 
into  «ppni«nt  conlma  with  tlic  piinV  disk,  mail  she  separate*' 
from  it  again ;  and  tliis,  in  the  case  of  eclipses  which  arc  pret- 
ty large  niny  range  between  two  and  thi-ec  honi«.  In  n  total 
eclipse,  bowevei-,  the  npiwreiil  dUk  of  the  moon  exceeds  that 
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of  the  sun  bv  m  small  nti  ninoiint,  tbiU  it  Inlccs  licr  but  a  short 
ttiite  to  pAEa  fsr  eiioii^li  to  niivovcr  soiite  [xtrt  of  llio  fiima 
lUok;  tbti  tiiiiu  is  i-ai-vly  iiiui-u  tbaii  tiva  or  6ix  iiiitiutue,  nud 
soiiictiirids  only  «  few  »c<.vik1«.  A  totnl  c<:1i|>M  of  tlic  moon 
may,  however,  last  oeai'ly  two  lioiini,  atkI  Hie  {wrEial  cclipoctf 
on  each  ei<lv  of  tliu  total  oiio  may  extend  tlic  wliulu  diiiatioti 
of  tlie  ecli|<$«  to  three  or  foni-  horn's, 

Ti'lul  CL-li[>»>3  uf  the  sun  afford  very  mro  aiul  highly  prized 
fi|>[N)i-timitiM  for  studying  the  operations  (^iiig  uu  around  that 
Inniiiiary.     Of  these  ve  slinil  .<!]>i>ali  in  n  gnljisuqiieTit  cluiptvr. 

Itctuniing.  now,  to  llic  apitiircnt  motions  uf  the  ^nn  nad 
iiKxm  around  tlio  cekvtiul  «j>liere,  wo  see  that  sinoo  the  moon's 
iirhit  liiui  two  opjtQsile  nmles  in  which  it  ctx>S8ca  the  udiptk', 
and  tho  eun  |»iaie«  throuj^h  the  entire  couik!  of  thu  vcliptie  in 
the  uounc  of  tlic  year,  it  follows  ihnl  tliecc  arc  two  periods  in 
tJio  ouune  of  a  year  during  whiuh  the  fiitn  is  near  a  node,  and 
ecltp^s  may  occin-.  Konglily  epcakiii;;,  tliise  periods  are  caeb 
abont  a  month  in  duration,  and  we  mny  call  tlicm  seasons  of 
ecli|)ww.  For  in.<>taiioe,  it  will  he  seen  nn  Map  V.  t)int  |}ic 
tnn  jiossee  one  nodu  of  tlio  moon's  orbit  towards  the  end  of 
Fehniary,  1877.  A  season  of  eo1i|>#c«  for  that  year  is  tliens 
fore  Fehrtinry  nnd  tlie  fii«t  half  of  March.  Avtnnlly,  there  is 
B  tolul  e>cli|>»e  of  the  moon  on  February  2Ttli,and  a  very  small 
eolipse  of  Uw  Eiin  on  Maivli  14t]i,  of  that  year,  visible  only  in 
Nortjieni  Asia,*  Fnmi  tiii«  time,  llie  sim  i*  bo  far  fixnn  the 
tindi^t  that  ttivie  can  bo  no  edipsoe  nntil  he  approauhes  tho 
ntlier  nude  in  Angnst.  Then  wo  have  the  two  oulipMM  of  the 
6un  already  mentioned,  and,  between  ttiem,  »  total  evliiwo  of 
tliu  moon  on  August  23d.  Thus,  in  tlio  year  1877,  tlio  Uni 
wason  of  eclipses  is  in  Fubruary  and  March,  and  the  sccotid 
in  AnguHtaiid  September. 

Wc  have  said  that  the  length  of  cacli  cclipeo  Benson  is  abont 
a  month.  To  speak  with  greater  accuracy,  the  average  season 
for  oc1i|i«os  of  tlie  &iin  extends  18  days  before  and  after  tlie 

*  Tlicm  i*  im  •strain il!iiai7  Mlnclil«iu«  brlxMn  ilil*  •clip**  itnil  ihnt  of  Aii. 
(Utf  Ml  of  lbs  MAW  j«*r,  tioili  iMing  tImIiIo  (loin  ticnHjr  ib*  umc  nglon  Is  Ctir- 
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Bini's  pnseago  itii-ough  the  node,  while  that  for  liiiiai-  eclipses 
extoiidii  11^  Oajre  on  eacli  sido  of  thu  nude.  TIio  total  eeaaon 
18,  tlicrvforv,  36  tliij^  for  Koliir,  And  '2.3  i.Ihv«  for  lunar  v(;li|MOfi. 

Owing  to  the  vonstaiii  motion  of  the  raooii's  m>do  already 
doscribeJ,  tlio  soa&on  of  oclipeee  will  not  tie  tiio  eanio  from 
ycAr  to  year,  but  will  oocnr,  on  tlic  nvi'ragc,  abont  'id  Any* 
earlier  each  year.  Wc  hnve  seen  that  the  Bnn  passed  the  da- 
tcondln^  iioUo  of  tiiu  tnoon  marked  on  Map  III.  ou  August 
24iii,  IS'" ;  but  during  Uie  yeiir  fullowinj;  the  node  will  huve 
moved  so  Far  to  tlie  west  tiiat  the  &nn  will  again  ivach  it  on 
iLii^Kiist  5lh,  1ST8.  The  effect  of  tliU  constant  Khifting  of  lira 
ncj<lo»  and  wuons  of  udipaes  ift  that  in  ISS?  the  Angiiat  m** 
eon  will  bo  sliiftod  baclf  to  February,  aud  the  Fubniary  eeasoii 
to  Aiignet.  The  rejider  who  wi»liC8  to  Ihid  the  middle  of  tlio 
eclijcHC  sco-'ionB  for  twenty  or  thirty  yeai-s  can  do  so  by  Marling 
£i-uLu  m«reh  1st  and  Angiist  *24tli,  1677,  and  Dtihtraeling  lUg 
daj"*  for  each  eubseqneiit  year. 

There  in  a  relation  between  the  motions  uf  the  mm  and 
moon  which  inatorially  assisted  tho  early  aetronouiei-s  in  the 
prediction  of  celipecx.  Wo  have  Mid  tJiat  the  moon  nwkee 
one  rovohitirin  nnionv  the  stai^  in  about  27i  daj's.  Siniw  tlio 
noilo  of  t!ic  orbit  is  constantly  moving  buck  to  meet  tho  moon, 
is  it  wcni,  ithc  will  return  to  her  node  in  a  little  lose  than  tbit 
pi'riod—naniely,  as  tiliown  by  modern  ob^rvations,  in  ii  mean 
intcrviil  of  ^>7.2V22'i  days.  Tlie  snn.  after  passing  any  node 
of  the  orbit,  will  reach  the  aitme  node  again  in  S16.0S01  days. 
The  relation  between  tlicse  nnm1>ors  is  this:  1^4:2  reUiniit  uf 
the  moon  to  a  node  take  very  nearly  the  same  time  with  19 
rcturiiii  of  tlio  &nn,  the  intervals  Wing 

S4S  ranrni  ofilio  moon  to  her  nods. ,,.,  eSSS.3S7  dtfij 

19      "        '*     tun  10  moon'*  node,.... 08&S.TW    " 


Oonieqaently,  if  «t  any  time  tlio  snn  and  moon  #lioitI(l  Mart 
oat  togetlicr  from  a  node,  they  wonld,  at  the  end  of  6585 
days,  or  18  years  and  11  days,  be  again  found  togelJiei-  very 
near  the  same  node.  Unring  the  interval,  tliei-e  would  ha^-o 
l>een  223  netv  and  fidl  moons,  but  none  so  near  tlie  node  I 
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liti.  Till;  vxuct  tiuto  required  fur  S33  liiiiutions  ia  6535.3213 
dftys;  so  titnt,  in  ilie  cnse  sii|>(>oscd,  the  :i:j^d  cotijuiiution  of 
the  sTin  and  moon  would  liajipen  a  little  before  they  reacbvtl 
the  node,  Uicir  distance  from  il  bciii^,  by  calciilatioi),  a  little 
IcM  tliAn  uito  Mt  tlieir  diiinictei«,  oi-,  mure  ttxuctly,  '2^'.  If, 
instead  of  beinji;  exactly  at  tlie  node,  lliey  ai-e  any  given  di&- 
tanoe  from  it,  tay  Z"  cwA  or  wc«l,  tlicii,  iti  tlio  Mtuu  period, 
thoy  will  bo  again  toj;etlier  n-iiliiii  liiilf  a  degree  of  tiio  aanie 
duUnce  fmni  tlie  node. 

The  [Kiriixl  jiiBt  foniid  was  calk-d  tbe  Saroe,  and  may  be  ap- 
plied in  tbis  wny:  fx-t  ns  note  tiie  cxnul  time  of  the  middle 
of  any  eclipae,  either  of  the  iiioon  or  of  tlie  sun ;  tlien  let  tta 
vjoiint  furwardit  6583  .'ays,  7  houi-s,  4d  ininutvti,  and  wu  liliall 
find  another  evlii>»e  of  very  nearly  tlic  Miiim  kind.  ICcdiiced 
to  years,  the  interval  will  be  18  yeare  and  10  or  11  days,  ao- 
cording  t'>  wIiethtT  tlio  S9tb  uf  Febrnary  lias  intervened  funr 
or  fire  times  during  the  interval.  Tlii«  being  tnio  of  every 
eclipse,  if  wo  record  all  the  eclip)^es  which  occnr  during  a 
period  of  IS  ycai-g,  wo  tball  And  the  same  series  nflor  10  or 
Jl  days  to  l>p;5in  over  ngain;  but  the  new  scrie*  will  not  gen- 
erally bo  vieiblo  at  ttie  same  places  with  the  old  ones,  or,  at 
least,  will  not  occur  at  the  same  time  of  day,  sinoe  the  mid- 
dle will  be  tioarly  eight  hours  later.  Not  till  tlio  end  of  three 
perioda  will  they  recnr  near  tlie  Mimo  meridian;  and  tlien, 
owing  to  the  period  not  being  exact,  the  cdipso  will  not  be 
precisely  of  the  name  magnitude,  and,  indeed,  may  fail  entire- 
ly. Every  ftiicceauve  recurrence  of  an  cclii^se  at  tlie  end  of 
the  period  being  2S'  farther  batk  relatively  to  the  node,  the 
eonjiinotion  miiM,  in  pruciit^  of  time,  bo  ao  far  back  from  tlie 
node  as  not  to  produce  an  eclipse  at  all.  During  nearly  every 
pariod  it  will  be  found  that  some  eclii:<£e  fails,  and  that  some 
new  one  entere  in.  A  new  ecli[MC  of  the  moon  thus  entering. 
will  be  a  very  small  one  indeed.  At  eveiy  sncces&ivo  reoor- 
roDoo  of  its  period  it  will  bo  latter,  nmil,  about  ita  tliirtcenth 
reenirenoe,  it  will  be  total.  It  will  be  total  for  about  twenty- 
two  or  twenty-three  recurrences,  when  it  will  become  partial 
OD«e  more,  but  on  the  oppMito  »tdc  of  tlio  moon  from  lliat  on 
C  4 
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whioli  it  was  liret  seen.  Tlioro  will  tlieii  bo  about  tliirtoen  par- 
tifti  oi-1ip>e«,  oich  smaller  tbkii  tlic  ln»t,  tiiitil  tliev  ful  entirely. 
Tiie  wliole  interval  of  time  over  which  the  recurrODCo  of  a 
liiimr  eclipse  thus  uxtotidfi  will  bo  about  48  poriocU,  or  8654 
yeam.  Tlio  solnr  cclipne*,  uouiiri-iti^  fm-lhei-  from  tbe  node, 
will  hut  yet  longer,  natiietr,  from  G5  to  70  periods,  or  over 
1201)  jcai*. 

Ab  a  reunnt  example  of  the  Sai'00,  we  may  cite  some  total 
eclipiioe  of  the  euii  well  known  in  recent  tinier;  for  iu»tance, 

IM!C.  July  8th,  1>  H  4.M..  IoIrI  Grti|iti>,  obnervnl  in  Biinipaj 

liiOO,  July  ISlfa,  9*  A.M..  iomI  mlipite  AmoricA  nuil  Sjuiiii : 

UTt),  July  SOtli,  4'  2  V. ».,  Olio  viaiblu  iii  Culunitlu  nii<J  un  ilie  I'lidAc  Cmm. 

A  yet  more  remarkftbte  »eriea  of  total  ec-lipaeB  of  the  sun 
occure  in  the  years  1850, 1868, 188fl,ctc.,  tiiu  dates  being— 

IfSO,  Aiitubt  Tih,  4"  4  P.K.,  ill  ilin  Pnelftc  Oconn : 

IHflM.  AiiKi"'  I'lh.  IV*  r-.M.,  in  ImJin; 

IfiMil,  AuKiut  Mill,  S"  A.w. ,  In  ihe  Cdnunl  Atlnniic  Orwin  and  Souilicm  AMM( 

1904,  iwptembcr  Olli.  nuun.  in  Soutli  Amuricn. 

Thie  eeriee  is  remarkable  for  the  long  duration  of  totality, 
amounting  to  some  hix  minute*. 

It  mnat  he  nndci-iitood  limt  the  various  nnmtwi-a  we  have 
^ven  in  this  section  are  not  acciimto  for  all  coses,  becaiiso  tlio 
motions  both  of  t]to  snn  and  tnoon  arc  subject  to  certain  small 
irreirnlaritics  which  may  altor  the  times  of  ecliiuei)  by  an  honr 
or  more.  We  have  given  only  mean  raluca,  which  are,  how- 
ever, alu'sys  quite  near  the  triitii. 

g  7.  Th«  Ploletnaic  System. 

There  is  still  extant  a  work  which  for  fonrtecn  cenlnries 
was  a  sort  of  astronomical  Bible,  fi-om  which  nothing  was 
taken,  and  to  which  notliing  material  in  principle  was  added. 
This  is  the  "Almagest"  of  Ftolomy,  compel  abont  the  mid* 
die  of  the  seoond  century  of  our  ei-a.  Nearly  all  wo  know  of 
the  ancient  astronomy  as  a  science  is  derived  from  it.  Frag- 
ments of  otltor  ancient  anlhors  hare  come  down  to  na,  and 
most  of  the  ancient  writers  make  occwional  nlhisions  to  aetro- 
Domical  phenomena  or  tbaoriaB^from  wliicli  various  ideas  nh 
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IpiKtin"  tlic  ancient  utronomT  liftvc  been  glcAiicd;  t>u(  tlio 
work  of  Ptolemy  U  the  only  complete  <:oin[>ei)<liiim  wliidi  we 
poeMES.  Altlion^Ii  liis  s^'stom  is  in  several  important  points 
erroiicuRS.  it  yet  i-eprcsonts  the  ealioiit  foattircs  of  tLe  apparent 
motions  of  tlie  ticAvenly  bodtco  with  uniire  ncouracy.  Ilcfeo 
tire  as  it  is  when  measured  hy  onr  atandai-d,  it  is  a  tnarvcl  of 
ingenuity  and  i-ewarcli  wlicn  measured  hy  the  eiaiidard  of  tlie 
times. 

TIio  immediate  object  of  the  present  chapter  is  to  explain 
tlic  apimrcnt  inovcnk-ntit  of  tlio  planets,  wliivli  can  be  most 
easily  done  on  tlie  Plolemniv  syMein.  Hnt,  on  acn>nnt  of  its 
Itietoric  iutcrvBt,  we  shall  begin  with  a  brief  sketch  of  tlie 
proposilionfl  on  whiuh  the  systoni  roeti-,  giving  also  Ptolemy's 
tuetliod  of  pitivinK  them.  His  fiiiidamentiit  doetrlni^  nre  lliat 
the  heavens  arc  spherical  in  form,  and  all  the  lieavonly  ni<v 
tiotis  (^pborical  or  iu  uircW;  that  lli«  earlli  is  also  splierieal, 
and  flitnaled  in  tlie  centre  of  Uie  heavenit,  or  oele^tial  sphere, 
where  it  rptnains  qniescent,  and  that  it  is  in  magnitude  only  a 
point  when  com|>ni-cd  with  the  spbei'C  of  tho  stars.  We  sliall 
give  Ptolemy's  views  of  these  pnijiositions,  and  his  attempt* 
to  prove  them,  in  their  rcgnlar  oixJer. 

let.  The  Jleaifnlt/  Bodies  move  in  C'irctea. — Hero  Ptole- 
my rcfcm  principally  to  the  diiiriml  molioii,  whereby  every 
bcArcnly  body  is  nppftrcntly  carried  nrnnnd  the  earth,  or,  rath- 
er, around  (he  jKile  of  tlio  heavens,  in  a  ciitle  overr  day.  But 
all  tlic  ancient  and  mediiuval  astronomers  down  to  the  time 
of  Kepler  had  a  notion  that,  the  circle  being  the  motit  perfeet 
plane  fi^re,  all  the  colwtial  motions  must  take  place  in  cir- 
cles; and  as  it  vrn»  found  that  the  motions  were  never  nni- 
forni,  tliey  snpjMsed  these  circles  not  to  be  centred  on  tlio 
eartl).  'NVTicre  a  single  circle  did  not  snfiice  to  account  for 
the  motion,  they  introdnnod  a  combination  of  circular  motions 
in  a  tnanner  to  be  described  presenlly, 

3d.  T^a  Earth  is  a  Sphere.  —  Tlial  llie  eartli  is  rounded 
from  east  to  wc»t  Ptolemy  piv>vc«  by  tlic  fact  (liat  tlio  snn, 
moon,  and  stars  do  not  rise  and  set  at  the  same  moment  to  all 
the  inhabitants  of  the  earth.    Tlie  times  at  which  eoli])6es  of 
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the  moon  ai-e  fluoii  in  diGferent  countries  being  compared,  it  ii 
found  tltat  tbo  fartbor  tlm  ob«crvcr  is  wtiil,  the  earlier  is  ibe 
liotir  nftcr  tiiiiseL  As  tlie  time  \a  really  ibe  game  everywbere, 
this  slion^  that  the  sun  Bets  later  llie  fartbvr  wo  go  to  tbo  west 
Again,  if  tliv  cai-tli  were  not  rounded  from  nortb  to  aonth,  a 
»lar  powiiig  tbu  inendiaii  in  tlio  nortli  or  sontii  borizon  would 
always  )>as9  in  tbc  horizon,  however  t»T  lo  the  north  or  eoutli 
the  observer  wight  travel.  Uiit  it  ti  found  that  when  an  ob- 
server tmveU  toward*  tbe  aouth,  (he  stai'a  in  the  north  u\>- 
proach  the  horizon,  and  the  circles  of  their  dinrnal  motion  cut 
below  it,  while  now  etaiv  rise  into  view  above  tlio  eonth  hori- 
xon.  TUii  shows  that  the  horizon  itself  ebanges  ita  direction 
ae  the  observer  moves.  Finally,  from  wiintevcr  direction  we 
approach  elevated  objects  from  the  sea,  wo  «ee  that  tlieir  bases 
are  lirst  hidden  from  view  by  the  eurvatnre  of  the  water,  and 
gradually  rise  into  view  as  wc  approach  tiicin. 

8d.  7/ie  Earth  it  in  the  Centre  of  the  Ciltstuil  Sphere. — 
If  thi!  earth  were  dbplaccd  from  the  ecn(i«,  tliera  would  be 
various  irregularities  in  tlio  apparent  daily  motion  of  the  ce- 
lestial sphere,  the  stars  appearing  lo  move  faster  on  the  side 
towards  which  the  earth  was  sitnatcd.  If  it  were  displaced 
towards  the  east,  wo  should  bo  nearer  the  heavenly  bodies 
when  they  are  rising  than  when  titey  arc  scttitiv,  and  tliey 
would  ap|)car  to  move  moi-e  rapidly  in  the  east  than  in  tlie 
west.  The  foronoonB  would  thei-eforo  bo  ehoi-ier  than  tlie  af- 
ternoonih  Towards  whatever  ttide  of  the  turning  splioro  it 
migtit  be  nioved,  the  liearcnly  bodies  would  seem  to  move 
more  rapidly  on  tliat  eido  tlinn  on  the  otlior.  No  such  irreg- 
ularity being  seen,  but  the  diumnt  motion  taking  place  with 
pei-foct  nniformity,  the  earth  miut  be  in  tlie  centre  of  mo- 
tion. 

4th.  The  Earth  has  no  Motion  of  Tranxtation  —  Recauso 
if  it  had  it  would  move  away  from  the  centre  towards  one 
side  of  tlic  celestial  sphere,  and  the  dinnial  i-evolution  of  t}io 
stai's  wonld  cease  to  be  nnifonn  in  all  its  parts.  Itnt  the  tmi- 
forniity  of  motion  just  doecribed  being  seen  from  year  to  year, 
the  earth  must  preserve  its  iwsition  in  the  centre  of  the  sphoiv. 
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It  will  he  iiiteraslinv  to  luinlvzc  tbese  propositioiH  of  Ftole* 
mv,  to  Ko  wliut  i«  true  and  nhat  is  false.  Tho  tii%t  proposi- 
tion —  tJiat  tlte  lieavcnly  bodim  move  in  eirulcs,  or,  as  it  i» 
more  literally  expressed,  tliat  t)ie  lienveiis  niovo  BpliericaHy— 
is  qiijic  true,  w  fai-  as  tlie  appai-etit  dinriial  motion  is  voa- 
cci-ncd.  What  Ttolcmy  did  uot  know  was  tliat  line  motion  is 
only  apiMkreiit,  nriftin^  from  A  rotation  of  tbc  earth  it«elF  on  iti 
axis.  Tlio  second  proposition  is  perfectly  correct,  and  Ptole- 
my'a  pnwfs  that  tlio  earth  is  round  aru  thoM  still  found  iit  onr 
•cbool-booka  at  tlie  end  of  teventeen  hiiiidi-cd  year».  Mo«t 
utirioite,  however,  is  the  mixture  of  truth  and  falsehood  in  the 
third  and  fourth  pro[)06itionis  (hat  the  earth  rcmainH  qiiies- 
venl.  We  (.iinnot  deiioiiiioi.^  it  n.i  nnfjnalitiedly  false,  because, 
in  a  certain  sense,  and  indeed  in  the  only  sense  in  which  there 
is  any  oclcMial  ftphcre,  llio  earth  may  he  c«id  lo  remain  in  t)to 
centre  of  the  sphere.  What  Ptolemy  did  not  see  U  that  Ihia 
sphere  is  only  an  ideal  one,  winch  the  i-pectut4.>r  Lurries  witli 
liim  wherever  he  jpnu.  His  demonstration  tltat  the  eenti-c  of 
rcvolntion  of  the  ejilicrc  is  in  the  eartli  is,  in  a  certain  scn^e, 
cori'OCt;  but  what  he  really  proves  n  tliat  the  earth  ivvolvus 
on  ilH  own  aiia.  lie  did  not  see  that  if  the  earth  could  carry 
the  axis  of  rev'olntinn  with  it,  hia  demonMrntion  of  the  quie.t- 
ccneo  of  tlio  earth  would  fall  lo  the  ground. 

Coiisidemble  insight  into  Ptolemy's  views  ts  gained  by  hie 
Answers  to  two  objections  iig:aiiist  his  B^-stem.  The  liret  ii)  the 
vnlgnr  and  natural  one,  that  it  is  paradoxical  to  eiippwio  tliat 
a  body  like  the  ean,h  conld  remain  supported  on  nothing,  and 
still  bo  at  rest.  Tlicse  objcctore,  he  saj-e,  reason  from  what 
they  sec  happen  t»  tumW  bodies  aronnd  them,  and  not  from 
what  is  pro]>er  to  the  universe  at  hn^.  There  is  neither  up 
nor  down  in  the  celestial  apaoce,  for  wo  cannot  conceive  of  it 
in  B  i^phcre.  What  we  call  down  is  simply  the  direction  of 
onr  feet  towards  tlic  centre  of  the  earth,  tlie  dii-eotion  in 
which  heavy  iKidios  tend  to  fall.  The  earth  itself  is  bnt  a 
point  in  ooroparison  M'ith  the  celestial  spaces,  and  is  kept  lixcd 
by  the  forces  exerted  upon  it  on  all  sides  by  the  univeive, 
wbicli  is  infinitely  larger  than  it,  and  simitar  in  all  its  |mrts. 
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Tilis  idea  ia  as  near  an  approacli  to  tliat  of  uui^'orsal  gmvita- 
tioii  as  the  science  of  thu  tiiiiL-s  would  admit  of. 

He  tlifii  «uv«  tlierc  nro  othei-s  who,  ndiniitiiig  thia  roaaoii- 
ing,  pretend  that  nothing  hindoiv  iia  from  siippo&ing  that  the 
lieavoim  aixi  jiiiinovable.  and  that  lliu  curtli  i[«<;lf  tiini»  round 
'a*  own  lutia  once  a  daj'  from  we»t  to  cnst.  It  is  certainlv 
singtdar  that  one  w]io  had  risen  6o  far  ahuve  tlio  illnsiuiw  of 
Bcnee  ai  lu  dunion^trute  to  x\m  world  that  tlie  eiuth  uut  round; 
tlinl  u))  and  down  weie  only  relative;  and  I  hut  heavy  bodica 
fell  towards  a  centre,  and  not  in  somo  iinuhangvublu  direction, 
elioiiM  not  haw  «eon  the  oorrGctnej^  of  this  view. 

To  retnie  the  doctrine  of  the  eailii's  rotation,  he  proceeds 
in  a  way  the  oi)po6ilo  of  that  wliicli  ho  took  to  refute  tlioee 
who  thoiiglit  the  c-artli  could  not  re»t  on  nothing,  lie  iiaid  of 
the  latter  that  they  regartlcd  solely  what  was  around  theiu  on 
tlio  eartli,  and  did  not  eoUHidur  wliat  woti  piojwr  to  thu  iin't- 
vcrae  at  large.  To  those  who  nmiutained  the  earth'*  rotation, 
lie  sayo,  if  we  consider  only  the  ntovenient^  of  the  stara,  tliero 
is  nothing  to  oppose  their  dot-trini^,  which  lie  admits  has  the 
merit  of  simplicity;  but  in  view  of  what  pasfec«  aromid  ns  and 
in  the  air,  tJieir  doctrine  ia  ridiculous.  Jle  then  enters  into  a 
dieqnieitlon  on  the  relative  motion  of  light  and  heavy  bodies, 
which  iH  cxli-oiriely  obicenro;  but  his  eonclu«on  is  tliat  if  tJie 
cartli  really  rotated  witli  the  enormous  velocity  neoci^narv  to 
(larry  it  round  in  a  day,  the  air  would  be  left  beliind.  If  they 
say  that  the  earth  *.-«rrie«  round  the  air  with  it,  ho  ruplicx  that 
tliis  oould  not  bo  trna  of  bodies  floating  in  the  nir ;  and  lienco 
oonclndes  that  the  doctrine  of  tlie  earth's  rotation  is  not  tena- 
ble. It  is  clear,  from  this  argnmont,  that  if  Ptolemy  and  hit 
coutemimraries  had  devoted  to  experimental  phy&icii  lialf  the 
careful  obscrvntion,  research,  and  reasoning  whidi  wo  liiid  in 
tlieir  natronomicnl  studies,  tliey  conld  not  have  failed  to  estab- 
lish the  doctrine  of  the  earth's  rotation. 

In  the  I'tolcmaic  eyslcui,  all  tho  coloetial  motions  are  repre- 
sented by  A  series  of  oiroiilar  motions.  Wo  have  already  ex- 
plained die  motions  of  the  sun  and  moon  among  tho  «tart,  the 
lirst  describing  a  complete  circuit  of  tbe  heavens  from  west  to 
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cast  in  a  jcar,  &nd  llu)  second  n  siinilar  circuit  in  a  moutli. 
Thoiigli  nut  cntircl}'  imiforrii,tli«se  movements  are  alwaj-s  for- 
ward. Bnt  it  is  not  so  witli  tlie  five  planets — Mercnry,  Vo- 
nuSfMara,  Jtipiicr,  and  Satiint.  TtiL^o  n)o\u  sometimes  to  the 
cast  and  «ouivtiiiies  to  tJic  we^t,  and  are  eomelim^  stationary.* 
On  the  vliolo,  howet-er,  tlie  easterly  movements  predominate; 
and  t]io  planets  ivally  06cillato  around  a  certain  mean  point 
itsolf  in  rv^ilar  motion  towards  tlio  east.  Ijet  us  take,  for  !»• 
Manc«,  the  planet  Jnpiter.  Snppose  a  certain  fictitious  Jupi- 
ter j)crfuriiiii)^  a  circuit  of  tliu  hcawnii  among  tlio  stars  every 
twelve  jcars  wilJi  a  rcj^nlar  easterly  motion,  jnst  aa  tlie  euii 
performs  such  a  circuit  every  year;  tben  the  real  Jupiter  will 
be  foniid  to  o^-illalc,  like  a  pondulnni,  on  cocli  side  of  the  tlu- 
tilioua  planet,  bnt  never  swinging  more  tlian  12°  from  iL  Tlie 
time  of  each  double  oscillation  is  about  tliirtcun  months — tliut 
ts,  if  on  January  1st  n-c  find  it  pn^ing  the  lictitioiis  pluuot 
towards  the  west,  it  will  continue  itfi  westerly  swing  about 
three  inontiis,  nbon  it  will  (^mdually  slop,  and  return  with  a 
somewhat  slower  motiim  tu  the  ficiilioiu  planet  nc^niii,  ]ia»tin<; 
lo  the  cast  of  it  the  middle  of  July.  Tlie  easterly  swing  will 
continno  till  about  the  end  of  October,  when  it  will  return 
towards  the  west  TIk*  we^toHy  or  hftckwnrd  motion  i»  («lle<l 
tvtroffrofid,  an<l  tho  easterly  motion  direct.  Itctwecn  the  two 
is  a  point  at  which  tho  planet  appeal's  stationary  onco  mure. 
Tho  westerly  motions  arc  called  retrograde  hccnii^e  ttiey  aix: 
in  llie  opposite  direction  both  to  the  motion  of  tlic  sun  among 
tlio  stare,  and  to  the  average  direction  in  which  all  tho  planota 
move.  It  was  seen  by  Hipimrdiii^,  who  lived  three  u-ntnrics 
before  Ptolemy,  that  tliis  oscillating  motion  could  be  repre- 
sented by  supposing  tJio  real  Jnpitor  to  describe  a  circalar  or- 
bit around  the  fictitious  Jn[nter  tmoo  in  a  year.  Tlii*  orbit  is 
called  the  epicycle,  and  tbns  we  liave  tlie  celebrated  opicyulic 
theory  of  ttic  planetary  moUons  laid  down  to  the  "  Almagest." 
The  movement  of  the  planet  on  this  theory  can  be  seen  by 

■  It  luy  not  lie  niDui  lo  rcmliiil  iho  nnclcr  once  more  ihni  no  liere  ieiT*  ||m 
dtumal  inoiioo  of  ilie  Binnvnlirctfoiit  of  sight,  *od  cocndcr  unl;  the  modoof  of 
th«  piniwu  icIntlvB  to  the  ttsr>. 
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Fig.  10.  R  B  tlie  eftrtlt,  around  which  the  RctitioiiB  Jupiter 
mcves  in  tlie  dotted  circle,  1,  H,  3, 4,  etc.  To  form  the  ejticycle 
ill  vrliicli  tlic  rc&l  plnncl  iiiove»,  we  must  Mippow  aii  arm  to  bo 
coiistitiilly  tiiming  round  iJie  liotitioiis  planet  once  a  vear,  on 
tlie  end  of  which  Jupiter  js  carried.  This  arm  will  tlieu  be  in 
the  Kiicocstivo  posilioiiH,  11',  32',  3.3',  etc.,  r<;pn;«cnicd  by  tbe 
\'\^\l  dotted  lines.  Drawing  a  line  llirough  the  successive  po 
fiitioDB  I',  3',  3',  etc.,  of  Uie  real  Jupiter,  wo  sliall  Iiavu  a  serios 
of  loops  ntprcsetiliiig  it«  apparent  orbit. 
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Fm.  14.— Sbnirlni:  mo  npparvnC  otblt  or  *  iilanci,  resvdiDR  the  onrth  u  ai  km. 

It  will  lie  eeen  that  although  it  requirw  only  a  year  for  the 
aril)  carrying  ilic  real  Jupit«r  to  jwrform  a  complete  i-cvolu- 
tion  and  retnrii  to  its  primitive  direction,  it  reqnii-es  abont 
thirteen  niontli«  to  form  n  uoinptetc  loop,  bccaniw,  owing  to . 
the  motion  of  the  flctitioiis  planet  in  its  orbit,  the  arm  miut 
move  mom  than  a  coinplote  rovolntion  to  finiBh  the  loop.  Few 
instance,  referring  ngnin  to  Fig.  10,  comparing  the  pocitions 
11'  and  88',  it  will  be  seen  that  the  ami,  being  in  tlie  same 
direction,  lins  pci'formed  a  complete  i-uvolution ;  bnt,  owing  to 
the  cnrvattire  of  the  orbit,  it  does  not  reach  the  middle  of  tli4 
eeoond  loop  until  it  attains  tlio  position  9U', 
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Tlie  planeU  of  which  the  radius  of  tlio  epicycle  iiial(06  aii 
annual  revolution  in  this  vniy  are  Mure,  Jiipiicr,  nnd  BattiriL 
The  ooiniilclo  apinrcnt  orbils  of  the  last  two  ptanelK  are  shown 
in  the  next  figure,  taki^n  fi-om  Arngo.  By  the  radius  of  tho 
epiojde  we  mean  Ihu  iiiiaginai-)-  revolving  arm  which,  tarn- 
iug  round  tlte  fictitious  planet,  cari-ics  tho  real  planet  at  its 


UTURn 


jUWTtR 


i** 


'-^\ 


k 


7M II.— AppmU  arblU  uf  Ju|ilW(  aiiil  Salnru,  ITC*-tnT,Br[er  CawlnL 

Mid.  The  law  of  rbvohition  of  this  arm  is,  tliat  whenever  tho 
planet  in  oppu»ite  the  nun,  Uie  arm  points  towai-dH  tho  ciu-th, 
as  in  tlie  positions  11',  99',  in  whtcli  cases  the  enn  will  bu  on 
tliu  side  of  tltc  earth  opposite  the  plnnct ;  while,  whenever  tlie 
planet  is  in  conjunction  with  Uie  enn,  the  ann  points  from  tlie 
earth.  This  fact  was  well  known  to  tho  ancient  netronoincrs, 
and  tJicir  culouhttions  of  the  motions  of  tho  planets  were  nil 
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ioanded  upon  it ;  bot  tb«y  do  not  seem  to  luive  noticed  the 
very  imporlmit  oorollury  from  it,  that  tlie  direction  of  tlie 
nuliiu  of  tlie  epicycle  of  Mars,  Jupiter,  and  Satnrii  is  always 
tlio  fiamo  with  tliat  of  tlic  biiii  fixini  Llio  e»rUi.  Hud  tiiey 
done  HO,  tliey  could  liaixlly  have  failed  to  see  tliat  tlie  epicyvica 
could  be  nbolUhed  entirely  by  snpposing  tliat  it  wae  tlie  vaitli 
vrliich  moved  ruiind  tliu  Hmi,aiid  nut  tho  eiin  runnd  llie  cnrth. 
The  i^ctiliarity  of  the  plniieta  Mci-utiry  and  Venus  is  tliat 
the  fictitious  centres  around  which  they  oscilliiic  are  always  in 
tiio  direction  of  the  sun,  or,  &«  we  nuw  kn«w,  tlie  sun  himseUj 
is  the  centra  nf  tlioir  inotionei.  Tliey  ara  ne^  er  seen  more  tha 
a  limited  dietaucu  from  that  Initiinary,  Vvuns  u«uillnling  iibont 
45°  on  each  side  of  the  nun,  and  Mercury  from  IG'  to  U9°.  It 
is  said  tliat  the  ancient  Egyptians  really  did  make  the  son  tlie 
centre  of  tlic  Tiiotioii  of  thuMi  two  planets;  and  it  is  dilTicnll  to 
see  how  any  one  conid  have  failed  to  do  so  after  learning  (he 
laws  nf  tlicir  oscillation.  Yet  Ptolemy  rejected  this  system, 
placing  tlicir  orhils  between  the  earth  and  6un  witliout  anign- 
iug  any  good  reason  for  tlio  coui-so, 

The  arrangement  of  the  planets  on  the  Ptolemaic  sj-etera  is 
shown  in  Fig.  IS.  Tlio  nearest  planet  iti  the  muuii,  of  which 
the  ancient  astronomeni  actually  succeeded  in  roughly  meas- 
uring tlio  distance.  The  remaining  planets  arc  ariangti]  in 
the  same  order  with  tlieir  i-oal  distance  from  the  sun,  cue 
that  the  latter  takes  the  place  assigned  to  the  eailh  in  the* 
moderu  aystoin.    Thus  wo  have  the  following  urdei' : 

The  Moon, 

Mercury, 

Venus, 

The  Sun, 

Mai«, 

Jupitor, 

Saturn. 
Outside  of  Saturn  was  the  sphere  of  tlie  fixed  stars. 

This  oixlcr  of  Uie  planets  must  have  been  a  matter  of  opin- 
ion rather  than  of  demonsliatton,  it  being  (correctly  judged 
by  the  ancient  astronomers  that  thoGO  which  seemed  to  move 


man  slowly  were  llio  more  distant  Tliie  system  mndo  it 
quite  varUin  tliat  the  moon  vas  the  neai-est  plnnet,  and  Mai«, 
Jupiter,  and  Satiini.  in  tlicir  onlor,  the  most  dislniit  ones.  But 
tlte  rclsttvu  poiilioiia  of  the  Sun,  Mcrciii'}-,  and  Venus  wero 
more  in  doabt,  since  tlier  all  (lerfornied  a  revolntion  round 
the  celestial  epimro  in  &  year.  So,  while  Pluluiny,  as  wo  have 
jut  snid,  piftocd  Mercury  and  Veniis  l>etween  the  earth  and 
tbe  ann,  Plato  plaeed  tliem  hevond  the  son,  tlie  order  being, 
Moon,  Situ.  Mei-ctiry.  Venii»,  Mnre,  Jupiter,  8stiini. 

Ilipparciiiis  and  Ptolemy  made  a  series  of  investigations  nv 
Bpecting  the  times  of  revolntion  of  the  planets, and  the  inequal- 
ItiOB  of  tlioir  mottoiis,of  which  it  is  wortii  while  to  give  a  brief 
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•ainmitry.  The  former  was  no  dotibt  an  abler  astronomer  than 
Ptolemy;  but  aa  lie  xr&a,  so  far  as  wa  know,  tlio  first  nc-ciirnto 
obfiom-r  of  tlio  cck^tial  iiiolioni^,  Itu  could  not  niaku  a  suf- 
fieienily  long  serie*  of  observations  to  determine  all  ilie  [>cri- 
ode  of  tlie  plaiiete.  I'tolemy  had  the  advantage  of  being  able 
to  couibiuo  his  own  observations  with  tho«e  of  Uip{>ari:hiii?, 
three  oentnrieA  earlier. 

Impcrfwl  though  tJieir  means  of  observation  wore, 
ob«vrvor6  funiid  that  the  easterly  movements  uf  the  |>hincl«' 
nmoii^  tJio  »twi  were  none  of  them  uniform.    This  lield  Inio 
not  only  of  the  sun  and  moon,  bnt  of  the  fictitious  planets 

already  di-scrilwd,  Ilvnou  tliey 
invented  the  eccentrie,  and  sup- 
posed tlio  motions  to  bo  really  cir- 
cnlar  and  nniforni.  but  in  circles 
not  «entrcd  in  ilie  eiirih.  In  Fig. 
13,  let  £  bo  the  earth,  and  V  the 
ocnire  around  whidi  tho  planet 
really  revolved.  Then,  when  tlio 
]>]anet  is  (raseing  ihe  point  J*, 
n-hieh  is  nearest  the  carUi,  its  an- 
.iiL,_-'^  gular  motion  would   seem   more 

••K"-^"'  rapid   than  tlio  avorftgo,  bocau20 

tia.  1).  — The  MWDIric.     Hbawt  bow    .  i     .i  i  i       ■. 

ni».i.d<,uuNi>rr.«ni.<i<i..»»n,i..i  '"   general   the  angular  velocity 
•ppHRiii  niociiio  of  tha  iiianei>  of  a  moviii"  bodv  18  grcatcr  the 

Whon  Uielf  renl  moiliin  wuiniipntH  ,  ,  '       .  .  ... 

onlDHin.  b;  plnclnc  Ibt  mtIIi  trntf    neftrCF  tllC  Ob^UfVOr  IH  tO  it,  WllltO 

rMnu>ieniir«u(ii.<.>io<..>iK.  „i,gn  pa-winfT  A  it  will  seem  to  be 
mora  slow  tlinn  the  average.  Tlie  angular  velocity  being 
always  greatest  iu  one  point  of  the  orbit,  and  least  in  a  point 
directly  opposite,  chnnjrin;;  i-egularly  fi-om  the  iua:(imutn  to 
tlie  minimnm,  Ihe  general  foatcires  of  the  movement  are  cor 
rectly  reprc»cntod  by  the  ccxicntric  Ky  comparing  tlio  angti- 
lar  velocities  in  different  points  nf  the  orbil,  Hipiwirtihna  and 
Ptolemy  were  able  to  determine  the  supposed  distance  of  the 
earth  from  the  centre,  or  rather  the  propoilion  of  this  di«tanco 
to  the  distance  of  the  planet.  The  distance  thus  determined 
is  double  its  trite  amount.    The  ]x>int  P  is  called  tlio  Perigee, 
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A  tlio  Apogoo.  The  difnaoce  CE  froui  \\v>  cbMIi  to  tho 
ocutro  of  nioiiou  is  the  eeceiitriuity.  As  there  wiu  »u  way  of 
deteniiiniiig  the  absolute  dinietisioiis  of  tlie  orbit.it  waB  tiec-ee- 
earv  to  tnke  (lie  ratin  of  6'jS,'  to  tlw  radius  of  the  orbit  VI'  or 
C'Etor  tlieectfiitricitj.* 

In  detoriniiiing  the  inotioiw  oE  tlie  moon,  Ui)>)>arohi]s  aiid 
loy  depended  Mhnoeii  cntiroly  oii  obeorvatiuuB  of  lunar 
'«oli)Mes.  The  first  of  t\u:m,  it  in  »aid,  wiik  obici-vi-d  al  llabvlon 
ill  tlio  lint  yuir  of  Uui-docenipad,  U>tweea  the  2!)tli  and  3(ft]l 
day*  of  the  I^yptiati  month  Tltutli.  It  coiiniU'iic-cd  n  little 
DiofB  thaii  an  hour  afiur  thu  moon  rvee,  atid  \m  lotal.  The 
datCf  iti  our  reckoning,  was  b.i\  7iO,  Marcli  Idili.  Tlio  eei-ies 
of  eoU]i6es  extended  fivm  this  dale  to  that  of  Ploleniv  luin- 
eelf,  who  lived  bctM'Den  ui<{iit  uiid  nine  centuriM  later.  If  tlie 
obMniitions  of  these  eclipscH  bad  K-en  a  little  more  pi-eeise, 
tliey  would  6till  bo  of  great  value  to  ns  in  fixing  tho  moan 
motion  of  tliv  moon.  A«  it  ia,  we  uati  now  caloiilato  the  cit^ 
eninatanccs  of  an  anuent  ecli|«e  from  onr  modem  tables  of 
the  Eiin  and  moon  almost  ns  accnratoly  as  any  of  the  aiicloiit 
■atrononicn  c-ould  olwervo  it. 

Kotwitlistanding  the  extremely  imperfect  chamctei'  of  the 
obBcrvations,  both  Ilippardins  and  Ftolomy  made  disi-nvcriea 
nepecting  the  iicunliantles  of  the  moon's  motions  whiuh  show 
■  iDOlt  8iir|>i-i»ing  depth  of  reKear<;b.  By  ooiui«ring  the  inter- 
yaU  between  eclipses,  they  fonnd  that  lior  motion  was  not  iini- 
funn,  but  that,  like  the  sun,  »he  moved  faster  in  »omc  partK  of 
lier  orbit  than  in  others.  To  account  for  thiA,  they  Rnppoeed 
her  orbit  cccvntric,  like  that  of  tlio  snn  ;  that  is,  the  earth,  in- 
Mead  of  being  in  the  centre  of  the  circular  orbit  of  tho  moon, 
wa«  snpposed  to  be  displaced  by  about  a  tenth  ]iai1  the  whole 
distanut3  of  lliat  body.  So  far  tho  orbit  of  the  moon  was  like 
tliat  of  the  8im  and  the  tictilion^  p1anct«,  except  that  its  eccen- 
tiiuty  was  greater.    Bnt  a  long  sei'ies  of  ot>»er\-ationK  showed 


*  CompMcd  nilh  ihe  maitm  theorr  of  ibc  elllpik  motion,  npproximaldj  troal- 
tA,  lliB  dbUHM  CE  it  double  the  ccccnirlcItT  nf  (he  clllpu.  nnc-lmlf  tho  Hppnr- 
nn  buqiuBlf  i*  millf  cnuwd  by  iho  orbit  bcinf  u  tbtIoui  di*lanc«a  frou  tin 
CMli  or  ton,  bat  tbe  other  half  b  naL 
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tli&t  tho  pei'ig(!«  and  niiogce  did  not,  me  in  t)te  eRM  of  ttio  atia 
and  jiltuicU,  reituiiii  in  the  aanie  [mints  of  the  orbit,  but  nioied 
forwai-ds  at  such  a  rate  as  to  winy  thcni  round  tli«  hcavons  in 
iiin»  v(.-ai%:  tliat  iis  ^iipiHjfiiig  Fig.  13  to  rv|>re8ciit  the  orbit  of 
tlie  moon,  tlie  centre  uf  tlie  ciide  V  revoh-ed  ronnd  the  eiirth 
in  nine  years,  and  tlio  orbit  clmnged  its  position  acvordiiigl^v. 

It  was  also  foniid  bv  I'toleniy,  by  meu«nring  iho  np|>iirciit 
angle  between  tlie  moon  and  hiiii  in  various  |inintn  of  tlie 
orbit  of  the  former,  that  thca-  «*aa  jot  another  inoqnality  in 
bcr  motion.  Thi$  has  rc'i:cived  the  name  of  tl)C  enMition.  In 
oonMHtnence  of  lliiti  itiei|iiality,  tlie  moon  o.%illiUe6  more  Ibnn 
a  degi-ee  on  each  side  of  her  posilion  as  ealcnialcd  from  llto 
ocuuntric!, in  a  period  not  difTeiiiig  much  from  her  rcvoltitioit 
round  the  cnrtli.  To  represent  this  motion,  Ptolemy  hud  to 
introduce  a  small  additional  opiuycle,  as  in  the  cam)  of  the 
|>lanctf,oiily  the  riidiiiB  wa»  io  small  tlmt  tlierc  via*  no  looping 
of  tiie  orbit.  In  consequence,  hie  theory  of  the  niooii's  motion 
wa.t  qiiile  complicated;  yet  ho  niana^d  to  represent  this  mo- 
tion, witliin  the  limits  of  the  eri'Oiv  of  hifl  observations,  by  * 
combination  of  oirenlar  motions,  and  time  fiived  the  fnvonie 
theory  of  the  times,  that  all  the  celestial  tnotiona  vere  circnlar 
and  nnifonn. 

%  8.   The  Cal^dar. 

One  of  the  earliest  pnrpoeea  of  the  stndy  of  the  eelcfttial 
motions  was  that  of  fimling  a  convenient  measnrement  of 
time.  Tliie  application  of  astronomy,  being  of  great  antiquity, 
having  been  Irannmitted  to  us  witliont  Kny  fimdamental  altera- 
tion, and  depending  on  the  apparent  molions  of  the  sun  and 
tnoon,  which  wr  have  stndieil  in  this  diaiiter,  is  naturally  eun- 
eidcred  in  connection  with  the  ancient  astronomy. 

Tlio  astronomical  divisions  of  time  are  the  day,  the  inontll^ 
and  the  year.  The  week  is  not  sncli  a  division,  becansc  it  doe« 
not  correspond  to  any  aatronomical  cycle,  altlioiigli.  as  wc  shall 
presently  lee,  a  certain  astronomical  signiticntion  vm*  Miid  to 
Iiftvo  been  gi\-eii  to  it  by  the  ancient  astrologers.  Of  these 
divisions  tJie  day  is  llie  most  wcll-markod  and  striking  thi-ongli 
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out  tlio  lmb[ta1)lo  (wrtioti  of  the  globe.  Hnd  s  [looplc  lived  at 
or  iienr  tlic  poles,  it  wouU  linve  l>ee»  Icaa  sti-ikiiig  tluiii  tIiu  j'eur. 
But  wlicrever  laan  existed,  there  was  a  regular  nlternalioii  of 
Aay  and  ni;;lit,  with  a  vurrcvi>oiiding  alteriiattoii  in  his  pbyeical 
condition,  U>th  ociTiirring  with  such  rcgtilaritjr  mid  iiiiiformily 
as  to  fiimi»h  in  all  agefi  tbo  most  deGnito  unit  of  time.  For 
tnsrcljr  vlirunuloglcal  jiiirpottcs  tlio  day  wonid  have  been  the 
only  unit  of  linio  tlicoretically  neoesuiry;  for  if  mankind  Iiad 
begun  at  some  early  ago  to  number  every  day  by  vouiiling 
from  1  fonrurds  witlwiit  limit,  and  had  every  historical  event 
been  reeorded  iu  conneetion  with  tlic  ntiinlter  of  the  day  ou 
wbiuh  it  liappened,  thero  would  have  been  fur  less  uncertain* 
ty  about  dates  than  now  exists,  lint  keeping  eount  of  euch 
\fu^  niimltere  a»  would  have  auciimulMtvd  in  the  ln[«6  of  ecn- 
tiiries  wouM  have  l>ecn  very  inconvenient,  and  a  t^iiiijile  count 
of  tiruc  by  days  has  novor  been  weed  for  tlio  pui-|in6c8  of  civU 
Ufu  iliroiigti  any  greater  |>cnod  than  n  fingic  muiitb. 

Next  to  the  day,  tlie  moat  definite  and  striking  division  of 
time  is  tlio  y«ir.  The  natural  year  ie  that  inoa^iircd  by  the 
return  uf  thu  miiisong.  All  the  oiiemtioiiB  of  ngrieiiltiire  are 
•0  intimately  dependent  on  this  reciirmnve,  that  tnan  must 
have  begun  to  make  use  of  it  for  measuring  time  long  before 
he  Iwd  fully  studied  the  astronomical  cause  on  which  it  de- 
ponds.  The  ycar»  in  tlie  lifetitue  of  any  one  gencmtiou  not 
being  too  nnmcrxii»  to  be  easily  reckoned,  t)ie  year  wos  found 
to  answer  erery  purpose  of  measuring  long  intervnls  of  time. 

Tlio  nnmbcir  of  days  in  the  year  i^,  however,  too  great  to 
bo  conveniently  kept  oonnt  of;  an  intermediate  measure  was 
therefore  necessary.  This  was  suggested  by  the  motion  and 
phases  of  the  moon.  The  "  tww  moon  "  being  hocii  to  euieiga 
from  the  snirs  rave  at  intervals  of  about  80  days^  a  mensnre 
of  very  convenient  l«ngth  was  found,  to  which  a  jiermanont 
interest  was  atiaelici  by  the  religious  rites  coniieeted  with  the 
nappcanmeo  of  the  moon. 

llto  week  io  a  division  of  lime  entirely  disconnected  with 
the  monlli  and  year,  the  employment  of  whicli  dates  from  the 
Mosaic  dispensalion.    Tlio  old  astrologers  divided  the  sevcu 
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davs  of  tlic  week  among  the  seven  planetB,  not  in  tlie  order  of 
their  distauue  from  the  son,  but  in  one  shown  hy  tite  follow- 
ing figure.  If  we  go  round  the  circle  in  tlie  direction  oppo- 
site  that  of  the  liands  of  a  watch,  we  shall  find  the  nauics  of 
tlie  Geven  planets  of  the  ancient  aatronomy  in  their  sappoeed 
order;*  while,  if  we  follow  the  lines  drawn  in  tlie  circle  from 
side  to  side,  we  shall  have  the  days  of  the  week  in  their  order. 


^^^^ 


% 

Fto.  1A.— SbowlDg  the  Rttrali'glol  dJilslan  at  Ihe  leren  iilaiicts  nmoDS  Ibfl  dn^s  ot  lU 

week. 

If  tlie  lunar  month  had  been  an  exact  number  of  days,  say 
30,  and  tlio  year  an  exact  nnuiber  of  months,  as  12,  tliere 
would  have  heen  no  diftioulty  in  the  use  of  these  cycles  for 
the  meaBinenient  of  time.  But  the  former  is  several  hours 
less  tlian  30  days,  while  the  latter  is  nearly  12J  lunar  montlis. 
In  the  attempt  to  combine  these  measures,  the  ancient  calen- 
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dnn  wero  tlirown  into  n  eoitfnsion  wh[i;ti  mndc  tlicm  very  ])or- 
jplcxing,  and  n-liich  ve  see  to  tliiadsy  in  tlio  irrc^iiUr  leiigttit 
of  (lur  tuoiitks.  To  dcscrilHi  uH  tlio  dcvicus  wliich  wo  know  to 
lliavu  been  ii»od  for  roiiiudri h;^  iIicmi  diUicultics  would  bo  very 
■  tedious;  we  iJiall  therefore  euntiiie  ourselves  to  their  general 
limtiirc. 

The  lunar  niontli,  or  tliv  iiiciiu  iiiten&l  between  suix-eeeive 
jncw  inootii>  U  very  iienrly  29J  day*.     In  iwniiilii"  months  by 
tlie  moon,  it  wns  tlicrafore  comtiion  to  make  their  length  39 
'  End  30  days,  sitoniatcly.    But  tliu  period  oE  29^  days  is  i«ally 
I  about  thivo-qnartci'S  of  an  hour  too  Khort.     In  the  coiine  of 
llii-cc  yemra  tlie  wuiit  will  tJierefore  he  a  day  in  error,  nnd  it 
will  ho  neccafiaf)'  to  add  a  day  to  ono  of  tlio  months.     Wlien 
lunar  mouths  were  nM:d,tlic  year,  eonipri^iiig  IS  such  niuntlif^, 
would  coti«i#t  of  only  3M  days,  and  woidd  thererorc  he  II 
daj-»  too  (ihort.    Nevertheleee,  sticli  a  year  was  nsed  both  by 
the  Greeks  and  Itomaue,  And  is  still  need  by  tlio  Mahome- 
tans; tlio  Komans,  Itowcvor,  in  the  calendar  of  Niima,  adding 
S2  or  9S  days  to  every  alternate  year  by  inAerting  the  inter- 
cahu-y  month  Mercedoniun  hotwcun  tho  23d  and  !iMth  of  Feb* 
mary. 

The  irregularity  and  inconvenience  of  reckoning  by  lunar 
montJiit  eaufled  them  to  lio  very  generally  abandoned,  tlie  oidy 
TesBon  for  their  retention  being  religious  observanece  due  at 
Out  time  of  new  moon,  wliicli.  among  tlio  Jews  and  other  an- 
cient nations,  wcra  regarded  as  of  the  highetic  im[iQrtanee.  Ac- 
cordingly, wo  Snd  tlio  Egy])tians  counting  by  months  of  30 
davs  eauh,  and  inakinir  even'  vear  confiiitc  of  12  siieh  months 
■nd  five  atldiiioimt  d»y^  making  305  fl\\9  in  all.  Ae  the  true 
length  of  tlie  year  was  known  to  be  about  six  lionni  greater 
than  tlii^  the  O()uinox  would  occur  six  hours  later  every  year. 
and  A  month  later  after  the  h]ve  of  130  years.  After  tho  lapfio 
of  1460  years,  according  to  the  calculations  of  the  time,  eaeb 
MBSon  would  have  made  a  oomploto  course  through  tho  twclre 
moiithft,  and  would  then  Iiave  returned  once  more  at  the  Minu; 
time  of  year  as  in  the  beginning.  This  was  termed  tlio  SotAic 
Ptriod;  but  tho  error  of  each  vear  being  estimated  a  little 

5  ' 


48       SrSTEJt  OF  TUH  WOBLD  HISTOHICJLLY  DEl'LLOI'liD. 

too  gi^at,  A3  ws  now  know,  Uio  true  length  of  tho  period 
would  liavu  beon  iibuut  1300  yewv. 

Tho  confusion  in  tlio  Greek  %'eai-  was  partly  remedied 
through  tlie  discovery  hy  Melon  of  tho  cjcly  wluuh  has  Bitiee 
borne  Uis  name.  Tiiis  c^-clc  oonsiate  of  10  sulur  yc&t*,  during 
whiuh  llio  moon  ulmnges  235  times.  Tiio  error  of  this  cycle 
i«  very  small,  afi  may  Ira  seen  ffvm  the  following  periods,  com- 
puted from  inodorii  data : 

S3.1  liinulions  ici|iiin)  iii  llie  nienn »» dUilO      10      31 

19  irue  »ular  ,v(iira  (trl>|iiviil} u 0939      11      ST 

19  Juliun  reonufSGSl  ilnj't „ 0D39      IS        O 

Hence,  if  we  take  335  lunar  monthii,  and  dlvldo  (hem  op  as 
nearly  cvooly  as  is  coiivciiiciit  into  10  yeiti'#,  Itio  moan  length 
of  llit-sc  year*  will  be  near  enough  right  for  all  the  pnrpoM* 
of  uivil  reckoning.  Tho  ycaire  of  each  cydu  wuro  nnrabered 
fiwm  1  to  10,  and  the  number  of  the  year  was  ciilli-d  tlic  Gold- 
en Nnmhor,  from  irti  hiivinf;  boen  ordered  to  bo  inscribed  on 
the  monumenlH  in  lettei's  of  gold. 

This  is  tlic  only  religions  festival  which,  in  Christian  coitn- 
trios,  depends  dii-cctly  on  tito  motion  of  the  moon.  Tlic  rule 
for  determining  Ea»ter  is  tliat  it  is  the  Snnday  following  the 
first  fnll  moon  which  occurs  on  or  after  the  tilst  of  Alaixih. 
Tho  dates  of  tho  f  idl  moon  corruepond  to  tho  Motonic  Cycle ; 
that  i»,  after  the  lapse  of  10  years  tlicy  recnr  on  or  aliont  the 
same  day  of  the  year.  Consequently,  if  wo  make  a  list  of  the 
dates  on  which  tlio  Paschal  fnll  moon  occui's,  wo  shall  fiod 
no  two  dates  to  be  the  tame  for  nineteen  encocesivc  years; 
but  tlie  twentieth  will  occur  on  tlie  same  day  with  tho  firtf, 
or,  at  mo6t,  only  one  day  different,  and  then  tho  whole  eeries 
will  be  repeated.  Consequently,  the  Golden  Niimbor  for  the 
year  shows,  with  eufBcient  exactness  for  ecclesiastical  purposes, 
on  what  day,  or  how  many  daye  after  tho  o(jniuox,thc  Patcbal 
full  moon  occurs.  The  church  calciilntions  of  Plaster  Sunday 
are,  however,  fonoded  upon  rery  old  tables  of  the  moon,  bo 
that  if  wo  lixcd  it  by  tho  actual  moon,wc  should  often  find 
tlie  calendar  feast  a  week  in  error. 
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The  basis  of  tbe  calendars  tiov  employed  tltmiigliont  Chris 
tendom  wae  laid  by  Julius  Casear.  Prerioits  to  \v&  time,  the 
Ruinao  vuk'ndiii'  \rii«  in  a  statu  of  great  uoiifiision,  ihu  nutni- 
tuil  lengtli  of  Uie  year  depending  veiy  lately  on  tlie  caprice 
of  llie  ruler  for  llio  time  bciug.  It  was,  however,  very  well 
known  that  the  ixitl  lon^^th  of  the  solar  year  u-as  about  365^ 
days ;  aud,  in  order  tltat  the  calendar  year  might  have  the  sunie 
mean  Icn^li,  it  was  preecribcd  that  the  ordinary  year  should 
ootmict  of  3tfO  d»y#,  but  tJiat  one  day  »1iould  be  added  to  every 
fourth  year,  'flic  lengths  of  the  montlift,iui  we  now  have  theni, 
were  tiually  amuiged  by  tho  immediate  succcssohb  of  Ciesoi-. 

Tiic  Julian  calendar  contiuucU  unaltered  for  about  sixteen 
eentiiries;  and  if  the  true  Icnj^th  of  tlie  tro])ical  year  had  been 
305^  days,  it  would  have  been  in  use  still.  Bnt,  as  we  have 
te«ij,  this  |>criod  is  abont  \\\  minute*  longer  than  the  solar 
year,  a  quantity  wliich,  repeated  every  year,  amounts  to  an  en- 
tire day  in  12$  yoare.  Couscquetitly,  in  the  Bixtecnlli  century, 
the  e<iuinoxct  oocurrwd  11  or  12  days  sooner  than  they  should 
have  occnrred  according  to  the  calendar,  or  on  the  lOtli  in- 
of  tho  2lHt  of  March.  To  I'eEloru  tlicm  to  their  original 
position  in  tlie  year,  or,  mora  exactly,  to  tiicir  position  at  the 
time  of  tho  Council  of  Nice,  was  the  object  of  the  Cii^gorian 
rofoniiatioti  of  tho  calendar,  £o  called  after  Popo  Gregory 
Xlll.,  liy  whom  it  was  directed.  Tlic  cliange  eoueietcd  of 
two  parts : 

1,  Tho  5l]i  of  October,  1582,  according  to  tho  Julian  calen- 
dar, was  called  the  lOtli,  the  ounnt  being  tlins  Advanced  10 
days,  and  the  equinoxes  made  once  more  to  occur  about  Mordl 
^Slst  aud  September  2l6t. 

H     2.  The  closing  year  of  each  century,  1600,  ITOO,  etc,  in- 

Hitead  of  being  each  a  leap-year,  as  in  the  Julian  cnlca<)ar, 

^should  bo  such  only  when  tho  immber  of  the  century  was  di- 

TiBible  by  4.     While  1«00,  2000,  2400.  etf.,  were  to'be  leap. 

year*,  at  before,  ITOO,  ISOO,  1900,  2100,  eta,  were  to  bo  re- 

■doced  to  305  days  each. 
Iliis  change  in  the  calendar  was  soon  adopted  by  the  Catho- 
lic couDtries,  and,  more  slowly,  by  Protestant  oncii — England, 
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among  tlio  latter,  holdiiip^  out  for  inoi-o  ihiui  n  ccntiii-y,  but 
liiiallj'  outoriug  iiitu  the  diniigo  in  17A2.  In  liusHia  it  wm 
never  adopted  nt  all,  the  Julian  ealuiiilar  being  bUU  continued 
in  ihnt  countrv.  Cuniiot|iiciilly,  ttie  liiiiuiAii  reckoning  'u  now 
V2  daj-s  bcliiiid  oiii-*,  the  10  d«\V  dlflFcrcnce  during  tlie  six- 
teenth and  aeventeenlli  centtiiies  being  increased  by  the  days 
dropped  from  the  years  1700  and  1800  in  the  new  reckoning, 

Tlic  length  of  the  mean  Gre^^orian  year  ie  3C>:>^  6"  49"  12"; 
vhile  that  of  tl>c  tropicnl  year,  according  to  the  best  BStronotn- 
ical  detennination,  ia  365*  S**  iS"  46'.  Tlic  fonnur  it,  tlLero* 
fore,  etill  'iHi  Mconds  too  long,  an  error  which  will  not  amount 
to  nn  entire  day  for  more  than  3000  years.  If  tliere  were 
any  object  in  having  the  calendar  and  tho  astronomical  yoare 
in  t-'xact  coincidence,  the  Uit-gorlan  year  wuuld  bo  aceiimtc 
enongh  fur  all  practical  pniposcs  during  many  centiiriea.  Id 
fact,  lif'Wever.  it  is  ditlicnlt  to  show  what  practical  object  is  to 
bo  attained  by  sucking  for  any  sncli  coincidence.  It  is  ira- 
portnnt  that  siimtncr  and  winter,  soad-tinio  nnd  liarvcst,  shall 
oceni-  at  the  fame  time  of  tlio  year  tbrongh  several  BUDoe9M^'e 
generations;  but  it  is  nut  of  tho  slightest  importance  tliat 
they  should  occur  at  tlio  same  time  now  tliat  thoy  did  fiOOO 
years  ago.  nor  would  it  cause  any  difficulty  to  our  de$ccndiuita 
of  5000  yeai«  hence  if  tho  eqninos  should  occur  in  tlie  mi<]dle 
of  Fobrniu-y,  as  would  be  tlie  ca«c  ehould  tiio  Julian  calendar 
IiAve  been  continued. 

Tho  etiango  of  calendar  mot  with  mnch  popular  opposition, 
and  it  may  horcafter  be  conceded  that  in  this  instance  the 
common  waiso  of  the  (wople  wan  more  nearly  right  than  the 
wisdom  of  tlie  learned.  An  additional  complication  was  in- 
troduced into  tho  reckoning  of  timo  without  any  other  real 
object  than  that  of  making  Koflter  come  at  tliu  right  time. 
As  the  end  of  the  century  ap|)roachc3,  tho  question  of  making 
1900  a  leap-year,  as  usual,  will  no  doubt  be  disciiesfid,and  it  is 
posfiiblo  ttint  eomc  concerted  action  may  bo  taken  on  tho  part  of 
leading  nations  looking  to  a  retm-n  to  the  old  mode  of  reckoning. 
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CUAPTEH  II. 


TDii  constxiCAN  %TVrsXf  uit  'niK  tkck  MiynoNs  op  the  ue&T' 

EKLT    HODIKS. 

§  1.  Copernicua, 

Im  the  first  eection  of  tlie  [>re(«(1iiig  chapter  we  deeoribed 
the  appnrL-nl  Oinrnftl  iiiotioD  of  tliu  licnvon»,  wlit*ri;liy  all  tlio 
heavenly  tiodics  njiiienr  to  be  CAmvd  rotiiid  in  vircIcH,  thug 
fwrforruiDg  a  revolution  e^erjr  day.  Any  observer  of  Uiis  mo- 
tion wlio  HhoiilJ  eii[>poeo  tlio  oartb  to  ho  Dat,  and  the  direction 
we  call  dowHwaril  evervwhero  the  »nmc,  would  ncccscarily  re- 
gard it  ae  real.  A  very  little  knowledge  of  geometry  would, 
however,  diow  him  tliat  tho  app<nran<;c  might  ho  accounted 
for  by  siii)ix»4»_^  the  eartli  to  i-cvolvc.  The  seemttiifly  fatal 
objection  against  thU  view  would  be  tlint,  if  eiioh  weix;  tho 
vaso,  the  surface  of  ibo  earth  could  not  remain  level,  and  ev- 
ery tiling  would  slide  away  from  its  po«itiuii.  Uiit  it  was  im- 
possiblu  for  men  to  navigate  the  ocean  wiiliont  [icrcoiving  tho 
rotundity  of  its  surface,  and  we  tiAve  no  record  of  a  time  when 
it  was  not  known  that  the  earth  was  round.  We  have  seen 
tlint  Ptolemy  not  only  was  acquainted  uitli  llic  triiu  liguru  of 
tlie  eartli,  but  knew  tiint  in  tnagiiitudo  it  was  bo  much  smaller 
than  tlie  celestial  spacce,  or  spliere  of  the  heavena,  as  to  bo  only 
a  point  in  ooniparieon.  lie  had,  thcrcforo,  all  the  knowledge 
necenary  to  eiuihlc  him  to  see  that  the  moving  body  wa»  much 
more  likely  to  he  the  cnrth  than  to  he  tite  sjthere  of  the  heav- 
ens. Nererthcless.  \w  rejected  the  theory  on  obscure  physical 
^nnds,  m  bIwwii  in  Uie  but  etiapter.  the  nntenability  of  which 
wonld  have  been  proved  him  by  a  few  very  simple  physical  ex- 
periments. And  although  it  is  known  that  tlic  doctrine  of  tho 
vortti'a  motion  was  »ii»tnined  by  ottiora  in  his  aj^,  notably  by 
Timocbarie,  yet  the  weight  of  bia  authority  was  so  great  as 
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not  only  to  overrida  a]l  their  ai^ntnenta,  but  to  carry  his  views 
lliroiigli  fourteen  centiiriM  of  tlic  intellectual  Iiistoiy  of  inati. 

T)io  history  of  ftstmnuuiy  during  tbcBQ  centuries  olTors  hard- 
ly Anything  of  inCcrost  to  tlie  general  rcadur.  Tiiere  woa  no 
teIe!<iw)>G  to  explore  tlio  licavcus,  and  no  genius  arose  of  enffi- 
ciont  furoc  to  iiiiravcl  tlic  maze  of  rhuir  niOL-hanimii.  It  was 
mainly  tlirough  llie  AraLffl  tliat  any  gyatoniatic  knowledge  of 
the  science  was  preserved  for  the  nw  of  poatority.  The  as- 
tronomers of  this  ijcople  invented  improved  methodit  of  ob- 
serving tlic  positions  of  ttiD  lieavonly  bodies,  and  were  tliiu 
able  to  make  improved  tables  of  tlieir  motione.  Thoy  meas- 
ured the  oblitjiiity  of  the  ecliptic,  nnd  cnlcitlnted  ecliii»f8  vi 
the  aun  nnd  moon  witli  greater  pi-ect»ion  llian  the  ancient 
Greeks  coold  do.  The  prcdietionK  of  the  science  thus  gradn- 
ally  increased  in  flcciiracy,  bnt  no  ]X)8itivc  step  wiis  taken  in 
the  direction  of  discovering  the  true  aatai-e  of  llie  appai«iit 
movements  of  the  heavens. 

The  honor  of  first  proving  to  the  world  what  the  tnio  tht-ory 
of  the  celestial  motions  is  belongs  almost  exclusively  to  (Jopcr- 
nicns.  It  is  trne  that  we  have  some  reason  to  believo  that 
Pythagoras  taught  titnt  tlio  enn,  and  not  the  earth,  was  tho 
centre  of  motion,  and  that  lie  was,  tlicrefore,  tlie  lii^t  to  Holva 
the  great  problem.  But  ho  did  not  teach  tliis  doctrine  pablie- 
ly,  niul  the  very  viigiie  statements  of  his  private  teachings  on 
tliis  [Ktint  which  have  been  handed  domi  to  us  are  so  mixed 
lip  with  the  speculations  wliicli  tho  Cfreek  philosophere  com- 
bined with  their  viewg  of  natnre,  that  it  is  hard  to  say  with 
precision  whether  Pythagoras  luid  or  ha<l  not  fully  seized  the 
truth.  It  is  ceilaiu  that  no  modem  would  receive  the  credit 
of  any  disiioveiy  without  giving  more  convincing  proofs  of  tho 
corrcctneae  of  his  views  than  we  have  any  reason  to  suppose 
that  Pythagoras  gave  to  his  disciples. 

The  great  merit  of  Copcmicns,  and  the  basis  of  hie  claim  to 
the  discovery  in  cjncetion,  is  that  ho  was  not  wtiiHtied  witli  a 
mere  statement  of  his  %-iews,  hut  devoted  a  large  part  of  the 
labor  of  a  life  to  their  domonstmtion.  and  time  placed  them  in 
such  a  light  as  to  render  their  ultimate  acoeptaucc  incvitabtu. 
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Apart  from  all  questions  of  the  trutli  oi-  faUity  of  his  theorr, 
the  groat  woA  ill  wliidi  il  wob  (Icvi-lojifd,  "J)e  HevoliUionibut 
Orbium  Caiestium''  would  dcMrvcdlj'  rank  ns  tlie  mo«t  im- 
portant oompendiaiu  of  astronotny  wliic-h  had  appeared  einoe 
Ftolcmy.  Few  books  have  bucti  inoi'u  uomplctt'ly  thv  labor  of 
a  lifctitne  than  (his,  Coiiemicus  wait  liom  at  Tlioni,  in  l'n» 
sia,  in  1473,  twenty  years  before  tlio  discoi.-cry  of  America, 
bill  I'tiidii'd  nt  tliu  Uiitvcretty  of  Onico\r.  Uo  bccanio  an  ec- 
defiiasticid  dignitary,  holding  tiie  rank  of  cnnon  during  a  large 
IKWtion  of  liie  life,  and  finding  ample  Icidum  in  this  position 
to  pnreiie  h\g  favorite  »titdie#.  lie  it  Haid  to  linvc  conceived  of 
the  true  sj-slein  of  the  w^rld  n»  early  as  Ii07.  He  devoted  tlic 
years  of  hie  middle  life  to  tlie  obeervaiioiie  nnd  eonipiitations 
lieoeenry  to  the  pcrfoclion  of  his  system,  and  uumtiiiuiicuted 
Ills  vievni  to  a  few  friendii,  but  long  refused  to  pnbliiJi  tliem, 
fearing  itie  {topniar  pivjudieo  which  might  tints  be  c\uited. 
In  1&40,  a  brief  statement  of  tliem  was  pnbliiJicd  by  his  friend 
IUietieti»;  and,  as  this  was  favorably  reeeivcd,  he  soon  eoii- 
Bciited  to  the  publication  of  Iiis  great  work.  Tlie  fin>t  prinle<l 
copy  was  placi-d  in  his  bauds  only  a  few  huurs  befoiv  his 
dealti,  which  occunx.>d  in  Uay,  1M3. 

The  fimdamenial  principles  of  tlie  Coiwniienn  system  are 
embo«iied  in  two  distinct  propositions,  which  have  to  lie  proved 
eeparatoly,  and  oiio  of  which  might  linvo  been  true  withoat 
tlic  other  being  w>.     TJiey  ai-o  as  follows: 

1.  The  diurnal  reroliition  of  the  heavens  is  only  nn  nppar- 

[ent  motion,  oaneed  by  a  diurnal  revolution  of  liio  earth  on  an 
ti«  pAMing  through  its  centre. 

9.  The  earth  is  one  of  the  planets,  all  of  which  revolve 
round  the  Emi  as  the  centre  of  motion.     The  true  eciitre  of 

khe  celestial  molioivs  is  therefore  not  the  earth,  bnt  llie  snn. 
For  this  rea«ni  the  Copeniio4in  system  is  fre<]uenlly  spoken  of 

,  in  historical  discnseions  as  the  "  heliocentric  tlieor^-." 

Tlio  first  propoettiou  is  the  ono  with  the  proof  of  whicli  Co- 
emieiis  begins.     He  expUiins  how  nn  Apparent  motion  may 

'  result  from  a  real  motion  of  the  ])oret>ii  seeing,  as  u'ell  as  from 
9  motion  of  the  object  ecvn,  and  llms  shows  tliat  tbo  diurnal 
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motion  inav  be  nccuiiiitvil  for  just  ii«  well  bj*  a  roi'olrition  of 
titc  cartli  as  by  oiiv  of  tlie  heavens.  To  Bailors  on  a  tii\^  Bail- 
ing bti  a  Hiiioolli  i^ii,  ttiQ  ship,  aud  overv  tliiti;^  in  it,  sceiiia  to  Iw 
At  rest  and  the  bitorv  to  be  in  motion,  Wlitdi,  tlicn,  is  mora 
likuly  to  bo  in  motion,  tliv  earth  or  t)i«  wliole  univomt  outeido 
of  it?  Ill  wlmtever  proiwrlion  tlie  Iieavpiia  are  greater  tlian 
tlio  eiirCli,  in  tlie  same  proportion  must  tbeir  motion  be  rnoro 
rajiid  to  I'arry  tlicni  round  in  t^'cnly-foiir  bom's.  Ptolemy 
liimfclf  slio\T8  that  the  heavenei  wetv  so  imnicnr«  that  tlio 
earth  was  bnt  a  {mint  in  comparison,  and.  for  any  thing  that 
in  kiiowii.  thoy  may  extend  into  inlinity.  Then  we  shonld  re- 
quire an  intiniiti  velocity  of  revolution.  Tiiereforc,  it  i«  far 
more  likely  that  it  is  this  comparative  point  that  tnrn»,  and 
that  tliu  universe  is  tixed,  than  tbc  revci-sc. 

Tlie  *e(;ond  principle  of  the  Copernii-an  »y*lum — that  the 
apparent  annual  moliun  of  tbo  smi  among  the  stai-s,  (le«vribud 
iu  ^  3  of  the  preceding  chapter,  i«  really  duo  to  an  annnal  revo- 
lution of  tlie  earth  around  the  sun— ivsta  H|)on  a  very  bcantifnl 
result  of  the  laws  of  relative  motioii.  This  movement  of  the 
earth  explains  not  only  thi«  apparent  rcvolntion  of  the  bhu, 
but  the  apparent  epicyclic  motion  of  the  planets  described  in 
treating  of  the  Plolotaaic  system. 

In  Fig.  15,  let  S  represent  the  «wa,AIiC'l>  the  orbit  of  the 
cailh  nmund  it,  and  the  figures  1,^,3,4,6,6,  six  siioceeeiro 
[KiHitioiia  of  the  eartli.  Tlw«!  )iositions  would  be  about  Ivm 
weeks  apart.  Also,  let  KFGJl  i'ei>i'esenl  the  apparent  sphere 
of  the  tixeii  staw.  Then,  an  observer  at  1,  viewing;  the  sun  in 
the  (iirection  IN.  will  see  him  a»  if  he  were  in  tlio  velcstial 
sphere  at  the  point  1',  because,  iiaving  no  conception  of  the 
flcttial  distance,  the  sun  will  appear  to  him  as  if  nclnally  amoiig 
the  stars  at  1'  w-hrcli  lie  in  the  esmo  straight  lino  with  him. 
When  tlie  earth,  with  tlie  observer  on  it,  reaehe*  2,  ho  will  see 
the  Min  in  the  direction  2S'2',  that  is,  as  if  among  the  atan  in 
2'.  That  is,  during  the  two  weeks'  interval,  the  smi  will  ajy- 
parently  have  moved  among  the  stare  by  nn  angle  cqitiU  to  tlie 
actual  angular  motion  o£  the  earth  around  the  sun.  So,  as  tlio 
earth  passes  through  the  suecofieivo  positions  3, 4,  5,  C,  the  8:in 
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will  appear  in  tlio  pofiitiona  8',  4',  5',  6',  and  tbe  tiiotioii  of  iho 
eartb  L-ootinning  all  the  wnv  mnnd  its  ort>it.  the  sun  u-ill  ftj» 
pear  to  iiwvu  ilirougli  tlio  etiUro  cirtlo  EFOU.  Tims  we 
have,  ai  a  I'eeult  of  llie  annual  iiioUon  of  the  earth  ai-outid  tho 
Biiu,  tlic  annnsl  motion  of  tbe  son  ai-oiind  the  celcstiiil  f>|ihei-e 
already  dcscriU-d  in  tlio  third  ecction  of  tho  preceding  chuplur. 
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Fm.  U.--A[ipkraiil  anaoKl  moUoo  of  tba  ina  eiptatoid. 

I«t  as  ROW  »oc  how  lhi«  samo  motion  abolidics  the  oomplt" 
catfd  syjiteiii  ot  epiuvcl«B  hv  whiclt  tho  ancient  natrononicm 
represented  the  planetary  moliouB.  A  tlicoi-em  on  which  thia 
explanation  rcstx  is  this :  1/  an  obstrvtr  tn  tmoontciom  mo- 
tion Ma  an  djfct  at  rest,  that  objfet  will  seem  to  him  to  hi 
moving  in  a  direction  opjyoiiite  to  hi»  own,  and  viith  an  e^uat 
v^ocity.  A  familiar  instance  of  thia  is  tho  apparent  motion 
U 
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of  objects  on  ilioro  to  poBKiigcrs  on  n  itt«aiiiei-.  In  Fi^.  IS, 
let  CIS  snppoM  an  observer  on  tlie  earth  carried  around  tlie 

eun  5  ill  the  orbit  ABCDKF, 
but  imngininj;;  Iiim.tcIF  nt  rest 
in  tbe  centre  of  motions,  Siiji- 
poeo  that  lie  observes  llic  ni>* 
{larent  motion  of  the  jilnnet  J*, 
which  16  really  at  rest.  How 
will  ihu  |i);uii-i  ai>i>eAr  to  ino^'V  i 
\  I  \  /To  show  tliis,  we  rein-esent  &{>• 

\  I     \  /       parent  directiuns  and  niutioM 

by  dotted  lines.  liCt  us  begin 
witli  tlic  observer  at  A,  from 
whicli  position  liti  rcallv  scoe 
the  planet  in  tlie  diivction  niid 
distance  AP.  Dnt,  itnngining 
himself  at  S,  lio  tliinks  he  sees 
tlio  planet  at  tlio  point  a,  Haa 
diftanco  and  direction  of  whieli 
Sa  15  the  same  with  A  P.  Ab 
Iio  passes  uncoiiscioii^ly  from  A 
to  B,  the  planet  i«ccniti  to  him  to 
move  yioBt  from  a  to  h  in  tlie  op- 
posite direction :  and,still  ihink- 
ing  himself  at  lU'^t  in  -If,  ho  sees 
tlio  planet  in  b,  the  lino  Sb  bo- 
Fio.  ifc-Sho«iDi  h™  ih-  nppnrfM  tpi-  j,ig  gnnal  and  niimllvl  to  J?/*. 

r-ir  i>r  tbe  lUDiiou  or  iiK  Mtib  nxiiiii  (iit>  AS  he  recedes  from  tlio  plaii- 
•""■  ct  through  the  arc  JtCD,  tho 

planet  seems  to  recede  fi-orn  him  throi)f;ti  6a/.  White  lie 
moves  Fi-oin  left  to  rig;ht  tlirongh  DJ^,  t)ie  planet  seems  to 
move  from  right  lo  left  through  de.  Finally,  as  ho  np])i-uaohee 
the  planet  tlirongh  tlie  aiv  KFA,  the  planet  will  seem  to  iip- 
pi'oauh  him  through  efa,  and  when  he  gets  baek  lo  A  he 
nnll  locale  the  planet  at  a,  as  in  the  beginning.  Tlius,  iu 
conwipienuo  of  the  motion  of  the  observer  around  the  eircle 
ABCDEF  tli^  planet,  though  really  at  i-est,  n'ill  seem  to  bim 
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to  move  tlironjuh  n  corresponding  ciivle,  ahedef.  If  there  are 
a  number  of  ])iai)ols,  tticy  will  all  ecctn  to  describe  correspond- 
ing cirol«8  of  ilie  Mine  mogiiitndc. 

If  the  plnnet  /*,  in&tciid  of  being  nt  rest,  is  in  motion,  tbo 
apparent  drcular  motion  will  be  combined  willi  t]io  foru-ard 
motion  of  the  ptaiiut,  and  tlio  latter  will  now  describe  a  circio 
aronnd  a  centre  which  U  in  motion.  Thus  we  liare  tlie  appa^ 
cut  motion  of  the  plaiiutg  around  a  moving  wiitro,  as  already 
described  in  the  Ptolemaic  sjatem.  Wo  have  Miid,  in  §  T  of 
the  prcwding  chapter,  tliat  by  this  system  the  motions  of  the 
plaiivM  arc  rcprtvoiited  by  supposing  a  Petitions  planet  to  r(y> 
voh-e  aronnd  the  heavens  with  a  ivgnlar  motion,  «-hiIe  the 
real  planut  nivolvos  aronnd  this  liL-tiiioiiG  one  sr  a  centre  once 
ayc«r.  Here,  the  progreuive  motion  of  the  Jtattioua  piantt 
it  {in  the  cate  o/ the  outer  jtlaneiJt  Mar$,  Jttpiter,  and  Sat- 
urn) the  tnotion  ofthe  renl planet  around  the  $un,  white  the 
circU  tehicA  the  real ptanet  deteribea  aroundthia  moving  cen- 
tre i»  only  a»  apparent  motion  dm  to  the  obterivr  beiug  ear- 
rial  around  the  »uh  oh  the  earth.  If  tlio  render  will  cora- 
[nrc  the  cpicyclic  motion  of  Ptolemy,  rcprcscnU-d  in  Figs.  10 
and  11  will)  the  motion  explained  in  Fig.  16,  ho  will  find  that 
tfaey  correspond  in  even*  [larticnlar.  In  the  case  of  ihe  inner 
[tlanets,  Mercnrj-  and  Vonns,  which  never  recede  far  from  the 
»nn,  Iho  cpicyclic  motion  by  which  they  seem  to  vihi-ntc  from 
oue  side  of  the  snn  to  the  other  is  due  to  their  nrliiml  inotiOD 
Biwuiid  tli«  snn,  while  the  progrcaivo  motion  with  which  they 
follow  tlic  snn  is  due  to  the  revolution  of  the  varlli  around 
the  snn. 

Wc  may  now  tec  elearly  bow  the  rctrogiadc  motion  and 
stationary  phasei  of  tite  planets  are  explained  on  llio  Copcr- 
nican  system.  Tlie  earth  and  all  tlie  planets  are  really  mov- 
ing round  tlie  ann  in  a  direction  which  wo  call  cost  on  the 
c«lei>tial  spltere.  When  the  earth  and  an  outer  planet  are 
on  the  same  side  of  the  sun,  thoy  are  moving  in  tho  same 
.  diroction;  but  the  cartli  i«  moving  foster  than  tlie  planet. 
Hence,  to  an  observer  on  tlie  earth,  the  planet  seems  to  Iia 
ting  west,  lliongh  itii  real  motion  is  oa»t.     Ac  tho  earth 
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IMLBses  to  die  opposite  »i<ie  of  tlio  siiti  from  tbe  planet,  U 
cb&uge*  its  motion  to  a  direction  tlie  opposite  of  tliat  of  iha 
pUnet,  Bod  thus  the  wtwlcrlj-  tnotion  of  tbe  latter  apjiears  to 
be  increued  by  tlie  wliolo  motion  of  tlio  c&itlL*!  13ctwcoa 
tlicec  tvo  motions  tliere  is  s  |X)iiit  at  wliidi  tlio  fnaitcl  does 
not  teem  to  move  at  all.  Tliis  is  called  tbo  etationarr  point 
If  tl>e  planet  wo  consider  is  not  an  otitcr,  but  an  ioiier  one, 
Mt-rciin-  or  Veiiiia,  and  we  view  it  wlten  between  us  and  tlio 
enn,  ite  motion  to  ue  is  revoreed,  becauee  vse  see  it  fn>iu  tbe 
Eidc  opposite  tlw  sun.  ilcncc  it  «.-ctiie  to  move  west  to  us, 
and  it  i»  retn^^nde.  Tlie  eartli  is  indeed  moving  in  tltc  samo 
real  direction ;  but  eince  tbe  planet  mo\06  faster  tlian  tbe 
csi'tli,  its  rctroj^dc  mutiuii  seems  to  predominate.  As  tbe 
planet  pa#es  ixinnd  in  \\»  oilii,  it  tirst  appears  stationary, 
and  then,  passing  to  tbo  opposite  side  of  the  sun,  it  seems 
dircet. 

l.et  IIS  now  dwell  for  a  moment  on  some  eonsiderationa 
which  will  etiable  ns  to  do  justice  to  tbe  Ptolemaic  sv&teiii,  at 
it  is  called,  by  seeing  how  necessary  a  step  it  was  in  tlie  ovo- 
liition  of  the  ti'iie  theory  of  the  nnivcrvc.  The  great  merit  of 
lliat  system  consisted  in  tlie  analj'sis  of  tlio  seemingly  compli- 
eated  motions  of  tlio  planets  into  a  eombitiation  of  two  circniar 
motions,  tlie  one  tiiat  of  a  livtitious  planet  nruiind  tbe  oclcstiol 
sphere,  tlio  other  tliat  of  the  real  planet  aronnd  tlie  liotiUous 
one.  Witliont  that  reparation,  tlic  constant  oscillalions  of  tbo 
planets  back  and  forth  could  not  liave  suggested  any  idea 
whatever,  eoccept  that  of  a  motion  too  complicated  to  l>e  ex- 
pluinc<l  on  nic<'hniiii'al  principles.  IJut  wlien,  leaTing  out  of 
fiiebt  the  regular  forward  motion  of  tbe  mean  or  tictitiuns 
planet,  the  a'lcnttoii  was  directed  to  tbo  epicycliu  motion 
atone,  one  conld  not  foil  to  f«e  the  reninrkable  corrcspondcnco 
between  tins  latter  motion  and  the  apparent  annnal  motion 
of  the  sun.    Seeing  ibis.  It  took  a  very  small  step  to  see  that 

*  Ii  iDiix  not  be  forBoitcn  thnt  ilio  dinction  nur  it>  the  licnvcnt  i*  a  cnrreij  4i- 
recUon,  u  It  vore,  nnil  U  oppwiM  on  pjijiMltc  tddw  of  [ho  hiii  ox  cdwlkl  *p)i«(«. 
For  biUncc,  the  moilon*  of  the  tan  u  Uiiyr  ibo  natl  M  thaj  tet  ara  oppodH^ 
tut  botli  nic  cotuidered  «a*L 
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be  BUD,  and  not  tlte  cartli,  wu  tiio  contro  of  planotarv  motion. 
Ilien  liotliing  but  the  illuitioiiH  of  aeune  rcumlncd  to  prevent 
the  acceptance  of  tlio  tlicory  that  the  eartli  was  iteelf  a  planet 
moving  ix)iiii(]  tlto  MID,  and  tlint  hoUi  t]io  annual  motion  of  tliu 
Hin  and  iho  epicjclio  motion  of  tlie  planets  were  not  rviil,  but 
appanint  wotione,  diie  tu  tlio  motion  of  tlio  earth  itself;  and 
ill  no  other  way  Uiau  tlii«  voiiid  the  Iiuliocontric  tlicory  hc^'O 
been  dovvlo)ivd. 

The  Copcmican  Byetera  alfoids  the  means  of  determininj; 
th«  proportions  of  the  solar  t(^-«Ienl,  or  the  relative  distancea  of 
tlio  toveral  planet^  with  gient  accnravy.  Tiiat  lA,  if  wu  take 
aa  our  tneauiring-rod  the  distance  of  the  earth  from  the  god, 
ire  can  determine  how  many  Icngtiu  of  llii<  rod,  or  wlint  fruc- 
tjonal  poil4  of  il^  teiiglh,  will  give  tlie  diMance  of  ench  planet, 
oltlwiigh  tlie  length  of  the  rod  iteelf  may  remain  unknown. 
ThU  duteriiitnation  nsts  on  tJic  priiii:i]ile  that  the  apparent 
gix;le  or  cpii'^ycle  deevnbed  by  the  planet  in  Fig.  16  is  of  the 

lie  maguitiido  with  the  actnal  orhit  decciibed  by  the  earth 
Ground  the  »iiii.  Ik-nvc,  the  nearer  th<!  o{i««rvcr  is  to  tliis  cir- 
cle, the  larger  it  will  appear.  The  apiwrent  epicycle  described 
by  Noptuira  i«  rstlier  lust  ilian  two  degrees  iu  radius;  that  is, 
the  true  planet  Ni'ptiiiio  is  ttcen  to  swing  a  litUo  lose  than  fxo 
degtvca  on  caoh  iitde  of  U»  mean  position  in  coneoquoiK'O  of 
the  annual  motion  of  tlio  eavtli  round  the  sun.  This  show^ 
tliat  tlio  orbit  of  the  cartb,  ns  k'OU  from  Neptune,  subtends  an 
angle  of  only  two  degrees.  On  tlic  other  hand,  the  planet 
Mars  generally  swings  mona  than  40°  on  each  side;  sometimes, 
indeed,  moro  than  45°.  From  this  a  trigonometrical  calcula- 
tion *\wwi  lliut  its  mean  distance  is  only  about  half  as  much 
again  as  tluit  of  the  earth ;  and  tlio  fact  tliat  tlie  apjmrent 
swing  b  variable  ehowx  the  distance  to  bo  different  at  different 
times. 

As  it  will  be  of  interest  to  see  how  nearly  Copernicus  wafi 
able  to  determine  the  distanccn  of  tlio  planctit,  we  pmieiit  his 
results  in  tlie  following  table,  tc^thcr  with  wliat  wc  now 
know  to  bo  the  Iruo  numbers.  Tlie  numboi-s  given  are  deci- 
mal fmvtion»,  csprGsuiig  tlic  least  and  greatest  distance  of 
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cadi  |>liinct  from  the  buii,  the  dlstuioo  oE  the  oartli  beiug  taken 
as  unity.* 


Ilunou. 

LijLtT  DntTtnob 

Ovumr  DitTAHOK 

0»p«m)m^ 

UOdtTD. 

Capetnlaw. 

Modar*. 

0.3!a 
O.TOU 
l.STS 
4.980 

8.n 

0.308 
0.718 

i.ses 

4.9S9 
fi.t)0 

0.40.1 

o.;so 

l.GGG 
&.4$S 

9.76 

0.718 
1.AGC 
A.IU 
10.07 

Considering  tlio  oxtrontely  iinpcrfoct  menns  of  oiiecrvation 
wtiicli  tlie  times  iifTuiiiui:!,  lliesc  r(>nlu  of  Cu|H.'rniviis  conio 
very  near  the  trutb.  The  greatest  iirojiortional  deviation  is  in 
tho  caee  of  Mcrciiiy,  llio  inoHt  ditlicult  of  all  the  i^lanets  to 
observe,  even  to  the  pi-esent  day.  It  is  said  tliat  Coiicriiicnt 
died  without  ever  euciiig  this  planet 

Tim  ecceutricities  of  tlio  orbits  wero  reprefieiited  by  Co 
niciia  in  a  way  which  ttgrccs  cxnclly  with  tht;  modern  formB 
when  only  a  rough  approxiniation  is  sought  for.     Like  Ptol^ 
my,  bo  eupposod  the  orbits  of  the  plsiiote  not  to  bo  centred  oa  j 
tliD  Sim,  but  to  be  difrplucod  by  &  email  <juantity  termed  tbM 
teomtrieity.    But  it  had  long  been  known  that  tlie  theory  of 
uniform  motion  in  ati  cccenlriv  vtrcle,  though  it  miglit  mak 
the  irrogularitiwi  in  the  plaiiut's  angular  motion  come  out  atl-l 
right,  would  make  the  chanfi;ea  of  distance  donble  their  ti'ne 
viilne.    Uo  therefore  took  for  the  eccentricity  a  mean  between 
that  uhivh  would  satisfy  the  motion  in  longitude,  and  that 
wliidi  would  {pve  the  changes  of  distance,  and  added  a  small 
epioyole  of  one-third  thie  eccontricity ;  and,  by  supposing  tho 
plauet  to  make   two   i-vvolutioiis  iu  this  cpicyclo  for  every 
revolution  around  the  sun,  he  repreeeuted  both  irrcgnlari- 
tiefi.t 


*  I  haio  dediiMil  th«io  niimbon  from  ttia  tablw  ^vcii  in  Book  V.  of  "  DaJ 
RovDliiiiuiilbntt  (libluRi  Curlctilum."  Thoy  *ra  probaUy  llie  mowl  acriimla  lliAt' 
Copcrnirua  wim  able  lo  obuiin. 

t  Tho  KULihcRMiIcoI  fom  of  UiL*  tliooiy  of  OojnmiiMi*  U  at  foUowt :  FatUng 
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Tbo  vork  of  Copcrniciu  was  tli«  greatest  etcp  c\'cr  taken  iit 
BStrononir.  itut  ho  still  took  little  more  tlian  tlw  single  utop 
of  ehowitig  wliat  apparent  motions  in  the  heavens  n-cru  real, 
and  wiiat  wore  duo  to  tho  motion  of  tlio  oba^ncr.  Not  only 
waa  Ilia  work  in  otlier  re»pec!ts  fonnded  on  that  of  Ptolemy, 
bot  he  had  many  of  the  notions  of  tlie  ant-joiit  phiioso])liy  re- 
specting; tlw  titiicfis  of  things.  Like  I'loleniy,  he  Ihought  tlie 
lieai'ona  a&  well  as  the  earth  bo  be  spherical,  and  all  tliu  colee- 
tial  motions  to  bo  circular,  or  coni)>u««d  of  circles.  lEc  argues 
agoiiut  PtoleinyV  ubjectioiiH  to  tliu  thi-ory  of  the  carthV  mo- 
tion, that  tliat  philoeo^r  treaU  of  it  as  if  it  were  an  enforced 
or  violent  motion,  entirely  forgetting  that  if  it  oxisttt  it  mint 
be  a  natural  motion,  tlio  \Avn  of  which  arc  altogollier  difTcretit 
frcHD  tltoM  of  violent  motion.  Thu»,  part  of  his  ai^umont  vras 
really  witli«tit  scientific  foundation,  thoogli  Iiig  conclusion  was 
correct.  Still,  Cui>eniicii8  did  about  all  that  could  have  been 
done  tinder  the  oircumstanccH.  Ilig  hypotheiiia  of  a  small  e])i- 
cycle  unc-t)iird  llic  eccentricity  represented  the  motions  of  tlio 
phinet«  around  (he  »i]n  witli  all  tlio  vxacln<^if4  that  cb«orvaiion 
then  admitted  of,  while,  in  tlio  absence  of  any  knowledge  of 
the  laws  of  motion,  it  was  iini>ofisible  to  fmnto  any  dynamical 
basis  for  tlio  motions  of  the  ptaticta. 

g  i.  OUiquit^  oftho  £elipiie;  Seatons,  etc.  ;  on  the  Coptr- 
ni€cm  Systern, 

We  Itavo  nest  to  explain  tlie  rolatioos  of  the  ecliptic  and 
squalor  on  iho  iiuw  ej-stom.  Since,  on  lliis  »y^lem,  the  ce- 
leaUal  sphere  doeet  not  revolve  at  all,  what  in  the  significance 
oS  the  polo  and  axis  around  which  it  eccms  to  revolve  1    The 


•  frr  Ui  cweBhfcliy,  mil  g  for  the  mean  onoowlf  of  the  ptimet,  he  raprcaonteil  iu 
tSfifaiHiilni  roonJinaiBt  in  Uio  form 

t=  a  (cob.  J  —  •  +  J«  ro*.  2g), 

f  s»  o  (nn,  ff  +  ^tma.  ?j)[ 

)  th«  tpproximaM  motUm  fonnnke  of  iho  elliptic  motion  i 
T  =  a  (co«.  y  —  i«  +  i*  c«.  3fy 
y  =  a  (»in.  y  +  i«  •in.  Sf), 
wlilcb  agree  exnctl/  itlien  ue  pui  *  =  )*. 
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itnswor  iit,  that  the  celestial  {kiIoa  are  the  \>qiM»  ninoug  the  i>tan 
townrds  whiclt  tlio  axis  of  Uio  eartli  is  clireclod.  Uure  the 
stare  are  EU])pg«ciI  tu  be  iiitiiiitcly  (li«tant,  and  the  uxi«  uf  the 
cartli  to  be  coiitiimed  in  an  inlinite  fltraijrlit  line  Xa  meet  tliein. 
Since  ihia  point  a|)i>cai-s  to  ttio  unassisted  sight  to  Iw  the  sstue 
during  the  entire  yvar,  it  follows  that  as  tlio  carlh  moves  runnel 
the  .tun,  ltd  axis  kee]»  pointing  in  the  fame  absolute  direction, 
aa  will  be  ehonm  in  Fig,  IS,  But  in  tlio  procoding  chapter  we 
ahowod  that  tlicro  is  a  slow  but  conKtant  ehungv  in  tlio  jM«itioii 
of  tbe  ]KiIe  among  the  stai-ft,  called  pie^esaiun,  which  iIhj  an- 
cient astronomers  discovered  by  studying  obsorvnttons  oxtuud- 


/ 


./ 


/ 


7m.  tt'-BiiaUciD  «r  tbo  lemMrtal  *di1  celnlliil  pn>»  and  oguaUr*. 

ing  tliroiigh  several  cpntnriee,  and  thia  sliows  that  on  tho  Och 
pernimn  system  tho  direction  of  the  earth's  axis  is  slowly 
changing. 

To  conceive  of  tho  celestial  equator  nn  the  Copern!<-an  By»* , 
tem,  we  must  Imagino  the  globular  earth  to  be  divided  into 
two  homisphci'ei  by  a  plane  intersecting  the  earth  nrunnd  its 
equator,  and  continued  out  on  all  stdc6  till  it  reaches  the  ce* 
Icslial  sphere.  This  may,  {jerliaps,  be  better  understood  by 
referring  to  I''i^,  17,  roprcsontiug  the  eartli  in  tlie  oentre  of  tfaa 
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;iiiar_T  celeslml  sphere.  TIio  (JotUicJ  lines  {tassitig  froMi  llii» 
Dliv  of  tliu  earth  to  the  poiiils  P  and  S  nmik  tlut  poles  of  thnt 
•pitcro.  It  ii  orident  tlial  fts  tlio  o»rth  turns  on  this  axis,  \}w 
irelestial  fiphere,  no  matter  how  ;^nt  it  nmv  eeeni  to  lie,  will 
appear  to  turn  on  the  &uine  axis  in  the  opposite  dircclion. 
A<^iii,  fp  hcing  thu  L*arth'6  equator,  dividing  it  into  two  eqiinl 
pnrlii,  vi'e  liave  only  to  imagine  it  to  ho  CNtonded  to  £'unil  Q, 
nil  rouiiii  ilie  celestial  spliore,  to  cut  the  latter  into  two  cqnal 
p*rl«. 

Let  lut  nest  examine  more  ulo«elv  the  ivlntion  of  the  cnrth 
to  the  eun.  Wo  havo  already  shou'n  that  as  tlie  earth  movea 
aroiini]  the  sun,  thu  latter  ««oms  to  move  around  the  oolostial 
sphcro,  and  (he  cirulo  in  which  he  Hecni*  to  move  is  cnllod  the 
ecliptic.  But  the  ecliptic  and  the  «;cli^tial  e4jiialor  ai-o  in- 
clined to  cn«h  ollwr  bv  an  angle  of  about  Sd|''.  TIiih  ehon-<t 
tliat  tI>o  axis  of  tlie  earth  )»  not  {tcq^endiuiilar  to  its  orbit,  but 
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ie  inclined  23^*  to  that  perpendicnlar,  as  fthnwn  hi  FJfr.  18, 
which  represents  the  annnal  course  of  the  earth  mund  ihu 
sniL  It  is  of  ncocisitj-  dmwn  on  n  very  incongriions  Kcalc, 
bocntue  the  distance  of  the  ann  from  the  eanh  being  near- 
ir  13,000  dimnotcrs  of  the  lalti-r  and  1 10  that  of  the  mm,  both 
bodica  Would  \)C  almost  invisible  if  thev  were  not  groatljr  mag- 
nified in  tlie  figure.  A  diflionltjr  which  ma;  suggest  itself  is, 
tiiat  the  present  fi^nro  rcprcsonta  the  earth  as  moving  sway 

0 


64     srsrejf  OF  TUB  iToiciD  Bisioaicjiir  DEreLorsD. 

tnm  its  position  in  the  <;etitro  of  the  sphere.  Tliere  arc  two 
WBJ8  oE  avuidiiig  thU  diffiviiUy.  One  is  to  eiipixiM  tliat  the 
L-rvcr  carries  the  iinai^iniiry  ccle>tiftl  spliens  ujrli  liim  lu  haj 

Cttrrlcd  nroiind  tlie  sun;  the  olher  is  to  consider  iho  Bphem 
BB  nearly  infinito  iu  diamctor.     Tlic  latter  is  pruhably  thi 
ca«ie«t  mode  of  conception  for  tlic  ^neral  reader.     He  iiiuuJ 
therefore,  in  the  last  ligiirc  eappuse  the  Ephero  to  cxtcud  oatj 
to  the  fixed  stars,  which  are  so  distant  that  the  whole  orbit  ot' 
the  carlli  iit  hut  a  point  in  compariwn ;  and  the  diffurant  points 
of  iho  sphere  towards  which  the  pok-s  and  the  ctjnator  of  tlio 
eartli  point,  as  t)ie  latter  moves  ruiind  the  siiti,  are  »u  fur  as  to 
appeal-  always  the  euime.     It  now  rcqiiii'ca  hut  an  eleineniar^i 
idea  of  the  geometry  of  the  sphci-c  to  eeu  tliat  thoeo  two  groatl 
circ-li«  of  tlio  eclcstial  spliere — the  celt|>tio,  nmiiiid  whicb  tin! 
nun  Beems  to  move,  and  the   eqnator,  which  is   evorywhero 
equally  distant  from  the  points  in  which  the  earth's  axis  iti- 
tci-^etA  the  spliere— will  appear  inclined  tu  each  other  hy  the 
same  angle  by  which  the  earth's  axis  deviate*  from  the  per- 
pendicular to  tile  ecliptic. 

Next,  we  have  to  sec  how  the  changes  of  the  seasotu,  tl>i 
eqninoxcs,  etc.,  are  explained  on  the  Coiwniicnn  theory,  tn 
the  last  tigui-o  tlio  earth  is  leprcsenicd  in  fnnr  diHerent  posi- 
tions of  its  annual  orbit  around  the  sun.  In  the  ])OBitioii  A, 
the  aoutli  pole  is  inclined  23^°  towards  tlie  finn,  whilo  the 
north  polo,  and  tho  whole  region  within  the  arctic  circle,  is 
enveloped  in  darkness,  llencc,  in  this  position,  tlio  sun  nci- 
llier  riiics  to  the  iulmhilants  of  the  arctic  /.one,  nor  eets  to 
those  of  the  nnlarctie  zone.  Outtiidc  of  these  zones,  he  rises 
and  »et.'i,  and  llic  relative  lengths  of  day  and  niglit  at  any 
place  can  be  estimated  hy  studying  the  circles  around  which 
thnt  pkcc  is  carried  by  the  diurnal  turning  uf  tho  cartli  on  its 
axis.  To  facilitate  this,  we  present  on  tlio  following  page  a 
magnified  picture  of  the  earth  at  A,  showing  more  fnlly  the 
heinispliei-c  in  which  it  is  diiy  and  that  in  which  it  is  night. 
The  seven  nearly  horiiwntal  lines  on  the  globe  are  exain|ilcs 
uf  tho  circles  in  question.  We  see  that  a  point  on  tl»o  arotie 
circle  jnst  grazes  tho  dividing-lino  between  light  and  dnrttncas 
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once  in  ib  revolntion,  or  ouce  a  daj;  that  is,  Uio  Enn  jiiit 
etiowe  UioMiilf  in  tlio  lionzon  once  a  day.  Of  tlio  iicxC  uircio 
tomtrdft  tlte  •oiith  about  two- 
(iiirds  13  ill  the  dark,  nml  one- 
ttiii-d  in  '.lie  light  hcriii»i>]ivrc. 
This  showa  tJmt  tlio  nights  are 
alwit  twice  itA  long  n«  tiM 
liars.  This  circle  is  nenv  tli«t 
amiind  whioli  Ijindoii  is  carried 
Uy  the  diiimul  revolution  of  tlio 
earth  on  iU  axi«.  A»  wo  go 
BOiitli,  wft  see  that  the  propor- 
tion of  light  nn  the  dinrnal  cir- 
cle* oonMantIv  increaec*,  while  »t*w.-Eui«r«»ii  ok*  of  ih«  «.iii  id 

,  p    I      1      *       J-      ■    -  L  IhB  |»o*!lloii  .1  of  llie  i"cMi!lU(;  Oku™, 

timt  or  <lnUCnc.4A  dlinUllsheH,  nn-        thuwHin  winwr  lii  the  n>inlitii.  Iiaml- 

til  w(j  rcin-h  the  wpmtor.  whei«  •!*•'«■  "4 "«•»«  lu  it.e  .owbem. 
they  ara  cpnil.  When  wc  juim  into  the  Miitheri)  hcin)H])hoi'c, 
we  bee  the  light  covering  more  thiiii  half  of  each  oircie,  the 
piv^Kirtion  of  light  to  darkness  conetanlly  iiici'casing,  at  tho 
«aine  mte  tliat  tho  (ip|)wito  pru)>ortioii  wunld  iticivnse  in  going 
to  llie  north.  When  wo  i«a»:!i  the  antarctic  circle,  the  whole 
circle  is  in  the  light  heniisphei-e,  tJie  oliserver  jn&t  gi-axing  the 
dividing-lino  at  midnight.  Inside  of  tliut  circle  tlio  obfiorvor 
is  in  Mnnlight  all  the  time,  *o  tliat  the  »nn  docs  not  itet  nt  all. 
Wo  see.  then,  that  at  the  cqnatnr  tho  dn\'s  and  nights  are  nl- 
wftTS  of  tho  Bftnif  length,  and  tliat  tlm  inequality  incrcasce  as 
vn>  approach  cilhci-  pole. 

We  now  go  on  Ihi-ee  nontha  to  tho  position  5,  which  the 
earth  occnpie«  in  March.  Hei-e  the  plane  nf  the  terrestrial 
equator  being  continned,  passes  directly  tbi-ongh  the  snii :  the 
jiltcr,  then-fore,  eccnie  to  bo  in  tho  colwtial  eipiator.  All  the 
diiirnn)  circles  ai«  lieic  <>iic-)ialf  in  the  illnminated,  and  one- 
half  in  the  nnilluminated  bentbpbcre,  tho  tatter  heing  inrisi- 
hlo  in  the  figure,  through  its  being  behind  the  citrtli.  Tlio 
day4  and  nights  ai'O.  therefore,  of  equal  length  all  over  tho 
gtoltc,  if  we  call  it  night  whenever  the  snn  is  geometrically 
below  tho  horizon.     In  ttto  poftition  6'  which  the  earth  take« 
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id  June,  ovevTtliing  is  tho  uimc  a»  in  (XMition  Ay  exocpl  tliat 
cfFccU  uro  reversed  iti  the  two  lieiiii&plici'e!^  The  iigrtliern 
)ieinin)))iGro  now  has  Uio  loii^t  A^yt^  and  the  imullioni  one 
tho  luiigt-st  nights.  At  V,  wltiuli  tho  uttrih  reaches  in  Sep- 
tember, the  davA  and  nights  ai'(>  etjiial  once  nioi'e,  for  tlto  same 
reason  as  in  Ji.  Thus,  all  tlie  sccmhigly  cuni|ilic&t(.-d  phenoin- 
eim  which  wc  liavo  diMcribcd  in  tho  iircccdiiig  citujitcr  are 
coinplvtely  explained  in  the  &intpl(;st  way  on  the  new  8}-»(ciii. 
We  liave  next  to  eeo  liow  tlio  details  of  tho  system  wera  tilled 
in  by  tho  immediate  siiucismok  of  OopcniiciiH. 

§  3.  Tycho  Jirahe. 

We  ba\-o  said  that  no  gi-eat  advance  could  bo  made  upon 
tho  CDi>oi'nicnii  »jintem,  without  eitlier  a  better  knowledge  of 
the  laws  uf  motion  or  more  exac-t  obscrvutions  of  tUc  {wsitions 
of  tho  heavenly  bodiett.  It  \\m  in  the  iHttcr  direction  that 
the  adianee  waa  tir^t  made.  The  leader  wa»  Tycliu  Itmho, 
who  wa.1  bom  in  154(>,  three  yeai-a  after  the  death  of  (^jwrni- 
cns.  Hie  altciitJon  was  timt  diructud  to  the  §liidy  of  astron- 
oniy  by  an  euli))«e  of  the  sun  on  August  SUt,  l^GO^  whidi  was 
total  ill  some  parts  of  Eni'Ope.  Astonished  that  ench  a  [Jic- 
nomcnon  could  bo  pivdielcd.  ho  devoted  hiuii^elf  to  a  study  of 
the  methods  uf  ob»crvntion  and  calonhitlon  by  which  tlio  pro- 
diction  waa  made.  In  157C  the  King  of  Denmark  founded 
the  celebrated  Observalory  of  Urauiberg,  at  which  Tyclio 
spent  twenty  year»,  a««iduou»1y  engaged  in  obncrvutions  of  tLa' 
pofiitionit  of  tho  heavenly  bodies  with  the  beiit  instruments  that 
eonld  then  bo  nmde.  This  was  jnet  before  the  invention  of 
the  telescope,  w  that  the  nRtronotner  could  not  niail  himself 
of  that  powerful  instrument.  Consequently,  his  ottaervations 
were  euju'rscdcd  by  tho  improved  ones  of  the  centuries  ftJ. 
lowing,  and  their  celebrity  and  im^wrtancc  are  principally  due  '■ 
to  iheir  having  afforded  Kepler  tho  moans  of  discovering  liit 
oelebrnted  laws  of  planetary  motion. 

As  a  thooreticnl  lustronomer,  Tycho  wa«  mifortnnate.  He 
rejected  tho  Copcrnican  system,  for  a  I'eaeou  which,  in  hid  day, 
liad  Home  foix;o,  namely,  the  incredible  distance  at  whicli  it 
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vn»  ncceMary  lo  snppoeo  tlie  fixed  ntar»  to  bo  MtiiAtcd  if  thai 
ft^'Stcii]  wei-e  accepted.  AVo  have  fliown  liow,  oti  llie  Copenii* 
can  it^'sloni,  tbc  outer  plout-ts  ttocm  to  doecnlio  an  aimiial  revo- 
lution ill  mi  cpic^ele,  in  ojnsotiiiciicu  of  the  niiinml  ruvolittion 
of  tJic  earth  arouud  the  snii.  Tlie  lixed  Mant,  whivh  are  fut- 
uated  uiiteide  thu  solar  s,ntum,  iinmt  »]ipear  to  movo  in  tlte 
anmc  wav.  if  tlic  MAtcm  be  c-unvct.  |  I!iit  no  obwrvationtf, 
wlietlicr  of  Treho  or  his  prcdece&sors,  had  &liown  aiiv  e.iich 
moiioit.  To  tliifl  the  friuuds  of  Coiwriiiciia  toiild  only  reply 
titat  the  dtMsnce  of  tliu  tix«(l  »tui«  mn«t  ha  ho  f;r«at  that  th« 
motion  conid  not  he  »een.  Since  a  vibration  of  lliree  or  four 
minntcs  of  arc  might  ha\x)  bofu  dctoctod  by  Tycho,  it  >von1d 
be  nccoKMiry  to  itupjMMO  the  »rellai-  ^pheru  at  leaul  n  tbom^nud 
tinicH  the  difttniioe  of  the  sun,  and  ti  linndrcd  times  tl:at  of  Sat- 
nm,  then  ihu  oiitcnnost  known  phmvt.  That  n  Hpnt'o  bo  vast 
(houhl  inrorvene  between  ibe  orbit  of  Saturn  nn<l  tlie  lixcd 
stars  seemed  entirely  ineredible:  to  tlie  philosophers  of  the 
day  it  woe  an  axiom  that  tiatnra  woidd  not  pL-riint  tha  wast«  of 
siMicc  beiti  iniplival.  At  the  same  liinL*,  the  proofs  pvau  by 
Copcrniciia  that  the  snn  was  tiio  uentre  of  the  planutary  ino- 
lioiis  were  loo  slrunft  to  bo  overthrown.  Tycho,  tlmrofore, 
adopted  a  «yit£ni  which  vra*  a  componnd  of  the  Ptolemaic 
and  ilio  Coperiiican ;  he  «ii)tpoAod  lli«  live  ])lanel»  to  move 
around  tlw  enn  as  the  centre  of  their  motions,  while  the  sun 
waa  itcclf  in  niotion.  di;«<irtbing  an  annual  orhit  around  the 
eartli,  whioli  remained  at  i-est  in  the  ventre  of  the  nniverec. 

Ferbaps  it  is  foilunatc  for  the  reception  of  the  Copomican 
ayatein  that  ibc  lutronomical  instrmncnta  of  Tveliu  wore  not 
equal  to  those  of  the  befrinning  of  the  prc*ent  centnry.  Ilud 
bo  found  that  tlicra  waa  no  niinnal  pnrallnx  aniou^  the  stars 
atnotiritin^  to  n  MH*ond  of  an:,  and  tht^reforo  tliat,  if  Cojicnii-^ 
oils  was  right,  ibe  stait)  most  bo  nt  Iea#t  300,000  tinii'A  the  dia- 
tsucc  of  the  snn,  tlie  nstmnomical  world  might  have  stood  . 
aghovt  at  the  >di>a.  and  coiiclnded  tliat,  after  all,  Ptolemy  mtist 
be  right,  and  Copemietis  wrong. 

Tycho  never  elaborated  his  system,  and  it  is  hai'd  to  My 
Iiow  he  would  have  answered  ilio  numerous  objections  lo  it. 


OS       SrSTk'il  OF  TOE  WOULD  HlSTtJBlCALLY  DErBLOFKD. 

iJe  never  had  any  disciples  of  eininenct!,  excejit  aiuong  die 
ecclesiastics;  iii  fuel,  Uio  invcntioii  of  tlic  telescope  did  awajr 
with  die  last  reniainiiic;  doubts  of  die  (»)i-i-cctiio»  of  the  Co- 
pernictm  fij«teiti  before  a  new  one  would  hitve  had  tiiue  to 
gsin  a  foothold. 

%  4.  KcfileT.—IIU  Laws  of  Pkmtiary  Motion. 

Koplcr  was  bom  in  1571,  in  Wurtombcrg.  Ho  wm  for  a 
vliile  the  assist&utof  Tyeho  liralie  in  his  (.-alinilatiini?,  but  wns 
too  clear-sighted  to  adojit  Uie  euriouii  nt'^lein  of  liis  master. 
Seeing  the  tnidi  of  diu  Copcrnicaii  e,t'«tuin,  hu  ttet  hiiiiadf  to 
determine  tlic  true  lan-ft  of  ttie  niulioii  of  the  planets  around 
the  siin.  We  liave  neeii  diat  even  Ck^ieriuvus  had  adopted  lluf 
ancient  theor}-,  that  all  tlio  celestial  modons  arc  coini>oundcd 
of  uniform  circular  moduns,  and  had  lliii«  t>eeii  ohli^d  to  in- 
UvkIiico  a  small  epicycle  to  account  for  the  irrtgiilarities  of 
the  modou.  The  obscrvadons  of  Tyclio  were  so  much  more 
avuumte  dian  Uiowj  of  his  prcilece»ore,  tlmt  they  shuuvd  Kep- 
ler die  iiwiifllciency  of  thi»  theory  to  rcprtwent  the  true  iito- 
done  of  tlie  planets  aroun<l  the  sun.  The  planet  most  favora- 
ble for  this  investigation  was  Mare,  being  at  the  same  tiiuu 
one  of  die  neai-eet  to  die  cardi.  and  ono  of  which  die  orbit 
was  most  eccentric.  The  only  way  in  which  Kepler  could 
proceed  io  his  invcstigaliuu  %vas  to  make  ^-ario1ls  hypotheses 
I'espectiiig  die  orbit  in  which  the  jdatiet  moved,  and  it^i  voloeity 
in  various  points  of  its  orbit,  and  from  tliese  hypotliescs  to  cal- 
culate the  positions  and  modons  of  the  planet  as  seen  from 
ttie  oardt,  and  dien  eomjiarc  widi  ob«ervatiuni(,  to  etm  whether 
the  observed  and  calculated  positions  agreed.  As  our  nioduni 
tabh^  of  loguridinis  by  whidi  such  calculations  are  immensely 
abridged  wem  not  dion  in  existence,  each  u-ial  of  an  hypothe- 
sis cost  Kepler  an  immense  amount  of  labor.  Fiiiditii;  that 
the  form  of  the  orbit  was  certainly  not  circular,  but  ellipdcal, 
lie  wa«  led  to  try  the  effect  of  placing  die  son  in  the  focus  of 
the  ellipse.  Then,  Uie  motion  of  die  planet  would  be  sadsRcd 
if  its  velocity  wero  made  vaiiable,  being  greater  die  nearei 
H  WBB  to  the  suu.    Thtii  tio  was  at  length  led  to  the  first  two 
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of  his  three  celebrated  laws  of  pUiiclary  motion,  wliicU  are  as 
foUun-s : 

1.  The  orbit  ofeacAjtluwt  it  an  ellipse,  having  tlu  9un  in 
ontfoeu*. 

S.  Aa  theplanti  movm  round  Me  sun,  it*  ntdiut-veetor  (or 
the  tine  joining  it  to  the  tun)  paaea  avrr  ez/iial  areeu  in 
equal  times. 

To  cx|>Iaio  ti>«e  laws,  lui  PA  {Fig.  30)  bo  tint  c!Ui«e  tn 
wtudi  tlie  |i]aiiot  tiiovee.    Then  the  situ  will  not  bo  iu  tltt-  ceu- 
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ruk  U.— niaMtktlag  Ke[>ler'*  0(it  [ITU  law*  of  plucurf  moUOD. 

tre  of  the  cII!]ik,  but  in  one  fuciiR,  B«y  at  5,  the  otlier  foetis 
being  cni[>ti,-.  When  the  planet  is  at  P,  it  is  at  the  i>oint  iivar- 
;  Ibe  Bnn ;  tliis  point  ib  llicrofore  (riUlvcl  tho  j>frfftelion.  As 
;  panes  ronntl  to  the  otlter  eido  of  the  eun,  it  vontinnos  to  re- 
cede from  him  till  it  reaches  the  point  A,  when  it  attains  ii» 
gTcatcU  distance.  Tliia  point  is  the  aphelion.  Tlicn  it  begins 
to  nppfx)iioh  the  snn  a^ain,  and  continnce  to  do  so  till  it  rcit^ics 
/*  once  more,  when  it  aj^ain  begins  to  repeat  tlie  sftiao  orbit. 
It  tlin«  describee  the  fame  ellipra  over  nnd  over. 

Now,  »iip[)o«e  that,  ttarting  from  J',  we  niarlc  tiic  position 
of  the  planet  in  its  orhit  at  the  end  of  any  equal  iuIenaU  of 
titno,  My  30  days,  60  days,  90  days,  120  days,  and  so  on.  let 
a,i,e,  d  he  tlto  firtt  four  of  these  positions  between  each  of 
which  the  planet  ha»  retjiiired  .?i>  days  to  move.  Draw  tinea 
from  each  of  tlie  five  positions  of  the  planet,  beginning  at  Jf, 
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to  tlio  Biin  At  S.  Wc  shiill  tint*  liavc  four  lriangirIftrfi|iiiocs, 
over  c»cli  of  wiiidi  tlio  raJ ins- vector  of  t)ii*  jilimet  lm»  ewcjit 
in  30  daye.  Tlic  M't^oiid  Inw  uf  lv(i)>Ii-i'  iiiuaiifi  tlint  llic  arofls 
of  nil  these  epacMs  ivill  lit?  pijiml  in  cjuli  .iiIkt. 

Tlie  old  theory  tliat  the  iiiotionB  of  the  hoiivonly  bodies  tniist 
bo  di-ciilitr  mid  niiifunii,  or,  nl  least,  vompoved  of  uiruuUr  and 
nniforin  motions,  was  tliiis  done  away  with  foiwer.  The  oi« 
lip«e  took  the  ])1buo  of  tlic  oirclo.  and  ft  vurinhlu  motion  tl>e 
place  of  a  imifonn  one. 

Anothc-r  law  of  phiiiL-lary  motion,  not  less  ini|iortant  tlian 
rhc40  two,  WHS  ftftorwiirds  discMvyred  by  Kc|)I«r.  Coju-rniciM 
knew,  what  huil  been  suniiiacd  by  the  ancient  fLMi'onoiners, 
that  tlie  more  distant  thu  plunot,  the  longer  it  took  it  to  iKir- 
foriii  itH  (Ktm-sc  fti-onttd  liie  hum,  and  thi«  not  merely  ln-vuiuc  it 
had  fartJier  to  ^,  bnt  beeaiisc  itfl  motion  wna  I'enlly  felowi>r, 
For  instance,  Saturn  is  about  ftj  times  as  far  as  the  tfarth,  and 
[f  it  niovc-d  a»  fast  as  the  earth,  it  vrotild  jicrform  ii«  revolu- 
tion in  !>.!  years;  bnt  it  netnally  i-eqnircit  Lietwwn  Si)  and  .30 
yeare.  It  does  not,  therefore,  move  onc-tliird  bo  fast  as  the 
OBilh,  although  it  hoe  nine  lhna'4  w  far  to  go.  Cofteniieii^, 
liowever,  never  detected  any  relation  between  the  distances 
and  the  periods  of  revolntioTi.    liepler  found  it  to  bo  as  fol- 

Third  lavs  of  planetari/  motion.  The  squwre  tif  (he  timt 
of  revolulion  of  each  planet  is  projJortional  to  the  cube  of 
it»  mean  ilUtancefrom  (Ae  sum. 

This  law  ia  shown  in  the  following  tabic,  which  gives  (I) 
the  moan  di^tanco  of  bach  ]ilttnct  known  to  Kapler,  vxpreeeed 
in  agronomical  miita,  each  niiit  being  the  mean  dLttauoo  o£j 
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Hio  cftrtli  from  die  •iiii ;  (2)  the  nibc  of  fhU  qiinnlitr :  (3)  tlio 
tiiiio  of  revolution  in  jMif;  ami  (4)  llic  eqiiatxj  of  t\\h  lime. 

Tlio  rcmarlcablo  Rgi-ocuieiit  between  tlw  torond  and  fourth 
ooliimns  will  be  noticed. 

§  5.  Krom  K^pitr  to  Netoton. 

So  fnr  AR  tlic  detcrmtiintton  of  iho  1hw#  uf  plnnctnn-  molioQ 
irovn  ubserration  was  concerned,  wo  might  aiino-'t  say  that 
Kepl«r  k'Et  nothing  to  bo  done.  Given  tbo  position  and 
mai^iiiiide  of  tli«  elliptic:  orbit  in  which  any  pUiict  moved, 
and  the  point  of  t)ie  orhit  in  wliicli  it  was  foumi  at  any 
date,  and  it  became  possible  to  caleulato  the  position  of  tlio 
plaiivt  in  all  future  time.  More  than  llint  ocivnve  cuiiUI  not 
do.  It  is  tnie  lliat  the  places  of  Ilio  planet  thii&  prediirKM] 
were  not  found  to  agree  oxactl^r  with  ul>8or^'ation ;  and  had 
Kepler  had  at  \m  comniiintl  observations  as  aeuniatc  as  those 
of  liie  present  day,  he  would  have  found  that  hU  \&\v»  eonld 
not  bo  made  to  perfectly  ropresoiU  the  motion  of  the  ptanete. 
Not  only  would  the  elliptir  orbit  have  been  found  to  vary  its 
position  from  century  to  oentiirT,  bnt  the  planets  wonld  liave 
bcoi)  found  to  deviate  from  il,  first  in  one  direction  and  tlioa 
in  the  other,  while  tlic  areas  deserilitii  by  the  radius- vector 
wonld  have  been  Honietimea  larger  and  Bonicliincn  ttmaller. 
Why  elmiitd  a  pknet  move  in  an  elliptic  orbit  T  Wliy  shoidd 
its  ntdins- vector  describe  areas  proportional  to  ttio  time} 
Wliv  «lionld  there  bo  tiiat  exact  reUtton  between  tJieir  dis- 
tances  and  timoe  of  rovohitions?  Until  these  qnoetions  were 
answered,  it  wouM  have  I>con  impossible  to  say  why  the  plnn- 
eU  deviated  from  Kepler's  laws;  and  tliey  were  qnattions 
wliich  it  was  impoeeiblo  to  answer  until  the  general  laws  of 
motion,  tniknown  in  KeplerV  time,  weru  fully  nndiii^loud. 

The  tir»l  iin^Ktrlant  Ete]i  in  the  discovery  of  thedc  Inn-D  was 
taken  by  Galileo,  the  great  contempomiy  of  Kepler,  one  of 
the  invbnt^<n<  of  the  telescope,  and  the  first  who  ever  jiointcd 
that  iristmment  at  the  heavens.  From  a  scienlilic  iwint  of 
now,  as  inventor  of  tlie  totoecope,  founder  of  the  seionoe  of 
dysamic^  teacher  and  upholder  of  the  Co]>ci'iiican  sj-slem,  and 
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eiiiJcrcr  at  the  liAnds  of  the  InqiiUitiuii,  for  proiiiiilg«iiiig  what 
lie  knew  tu  be  tlie  trutli,  Galileo  ta  pcrliftp«  the  inoct  interest*  { 
JDg  vliaraotcr  of  his  time.  If  any  aerioiiH  doubt  coiiM  remain 
of  tbu  corrcctncse  uf  llio  Copcniican  i>,v6tutii,  it  vras  rcmoTcd 
by  Uio  di«oovcrie«  made  by  tlie  tvlu^uupe.  The  phases  of 
YeniiB  Eihovrod  tiiat  &hc  was  a  dnric  globidnr  bndv,  like  tlio 
earth,  and  tliat  she  really  revolved  around  tlio  sun.  In  Jopi- 
ter  and  hiit  satellitcA,  tlie  (ohirey«tcin.  m  doceribed  by  Cogmriii- 
cus,  was  repented  on  a  small  scale  vtilli  a  fidelity  wiiioh  coidd 
not  fail  tu  siriko  the  thinking  ob«>ericr.  There  was  no  longer 
any  o|>]K»iUoa  to  the  new  doctrincit  from  any  source  entitled 
to  respect.  The  Inquisition  forbade  their  piv)miilirHiion  at 
absolute  truths,  but  wore  porfccity  willing  that  they  should  be 
used  a»  Ai/potAe*e»,  and  ratttcr  oneoiiraged  men  of  science  ta 
tlie  idea  of  investigating  the  interesting;  nmthematical  prob- 
loms  to  which  the  explauation  of  the  celestial  motions  by  the 
Copornieiui  system  might  give  rise.  The  only  restriction  wi 
that  liiey  must  stop  slioi'l  of  asserting  or  arguing  the  hypnth< 
see  to  be  a  reali^.  As  tliis  assertion  was  implicitly  eoiitaiucd 
in  several  plaec*  in  ttio  great  work  of  Cojwrniciw,  tlicy  coq- 
demned  this  woik  in  its  original  form,  and  onlei-ed  iiA  i-ovt* 
sion.*  Probably  the  decree  of  the  Inquisition  v-ttx  utitirely 
witlioiit  effect  in  stopping  the  reception  of  the  Coia-rntcsa 
system  outside  of  Italy  and  Spain. 

It  will  be  seen,  from  what  has  been  said,  that  tlie  next  step 
to  bo  taken  in  the  direction  of  explaining  the  eelc^tial  motioiM 
must  he  the  discovery  of  some  general  cause  of  those  motioDa,^ 
or,  at  least,  tlicir  reduction  to  some  general  hiw.  The  firsts 
ftttcnipt  to  do  this  was  made  by  Des<uirtes  in  his  celebrated 
theory  of  vortices,  which  for  some  time  disputed  the  field  with 
Kowton'e  theory  of  gravitation.  This  philosopher  supposed 
the  sun  to  be  imnieraed  in  a  vast  mass  of  fluid,  extending  in- 
definitely  in  every  direirtioti.    The  sun,  by  its  rotation,  set  the 


■  The  ortlor  for  iliit  reviiion  na  mmJe  nl  lUo  ttino  of  ronilvmnlni;  Unl>l«u'( 
yroik,  but  1  nm  not  nwnre  ihnl  il  wmi  ever  <^tciitv(].  Ati  oilltlcin  of  (*o|ii-niicii<^ 
nvlN4  10  Miilifr  i)iQ  Inqniiiiion,  wouiti  cetinint/  b«  nn  Initivtiltis  work  lolh< 
MtVHomicnl  blliUoiwIc  ai  ili«  |iraNiil  iliooi 
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parts  of  the  fluid  next  to  it  in  ii>tatton;  tlieee  comm unlisted 
their  motivns  to  tltu  {larts  still  farther  out,  and  eu  on,  uiilil 
iho  whole  inaM  vi»  set  in  rotation  like  a  whirlpool,  'ilie 
pUtieta  were  carried  around  in  this  etliercat  u-hirl{<oo].  The 
tuoro  distant  jilAncts  moved  more  eIowIv  bpcaii6u  the  ciher 
was  leu  affe«t4Ml  by  the  rotAtion  of  the  sun  tlie  more  distniit 
it  H'n»  fn>ni  him.  In  the  grent  vortes  of  the  solar  evstein 
were  eniallur  onc$,  eacli  |>lnhot  being  tliv  vcntro  of  one;  and 
thtK  the  satellites,  floniing  in  tlio  father,  were  earned  roniid 
their  )>riinaried.  Ilad  Descartes  boon  able  to  eIiuw  that  tlio 
j>art>i  of  ilie  vortvx  must  move  in  cUi|>«es  having  the  sun  in 
one  focits  that  thev  must  describe  eqnal  arena  in  equal  times, 
and  that  the  velocity  inii^t  diminish  as  wo  ivoi^ilo  from  the 
sun,  according  to  Kqileri*  third  lau*.  his  theory  would  »o  far 
liave  been  satisfaotory.  Failiuf;  in  this,  it  cannot  tie  regai-ded 
as  an  adx'sncc  in  scicneo,  but  rather  as  a  step  l>a(.-ku-iird».  Yvt, 
Uie  j^re«t  eminenvo  of  tlie  jihilo^opher  aud  the  ninubcr  of  hts 
disciples  secured  a  wide  citrrcuey  for  his  theory,  and  we  find 
it  »i)p(>ortcd  Iiy  no  less  an  authority  than  John  IVrnoulli, 

After  Galileo,  the  m»n  who,  )>orha[>^  did  moit  to  pre|mre 
the  way  for  ^i-avitation  was  Uny^hons.  As  a  mallicmatieian, 
a  mechanieian,  and  an  obecner,  ho  stood  in  the  tii-&t  rank. 
no  discovered  tliu  luwg  of  ocntrifugal  force,  and  if  ho  had 
simply  applied  these  laws  to  the  solar  system,  he  would  ha\-e 
been  led  to  the  result  that  tlio  platiets  ant  held  in  thi.-ir  orbits 
bjra  force  varying  ns  the  in\'erH!  sqnaie  of  (heir  diMimeu  from 
tbo  sun.  Having  found  this,  tlie  road  to  the  theory  of  gravita* 
Uon  eould  liardly  ha\e  beon  missed.  Uiit  the  givat  discovery 
Beomod  to  require  a  miud  fre»hly  formed  for  tho  occasion. 
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CHAPTER  ni. 


ndTRKSU.  OBAVrrATION, 


§  1.  Ntwtott. — D!sco>:trtj  of  Qyavitation. 

Tine  real  Bignificaaco  of  Xowtou  s  grt-at  dispuvcry  of  iintver 
m]  gi-avitntioit  is  fully  Mjiprccinlcd  \>y  but  few.     Oi-avitntiitii 
i»  f^nerallv  thought  of  as  a  nijBtcrioiiB  fori:e,  aclii);:  only  lio- 
twwii  ihc  ln-avfulj"  ljo(lic»,  mid  tiret  diacovuR-d  by  Nowtoii. 
Hud  gravitation  itself  been  diwuvered  by  Newton  m  tu^iiie 
new  priiKMpIe  to  aooouiit  for  the  motions  of  tho  plaiicts,  it< 
would  nut  liave  been  ao  udniiiablu  a  diMcovL'n'  as  t)iat  wliiub' 
hti  actually  made.     Gmvilation,  in  a  ftoinewbat  limited  ii}>li<!i«, 
is  known  to  all  mcti.      It  is  simply  the  forue  which  cniiseaj 
all  litiavy  bodice  to  fall,  or  to  tend  towards  tho  ventre  of  tlie' 
earth.    Every  one  who  had  ever  fteen  a  elotio  fall,  or  felt  ii  to 
be  lieax-y,  knew  of  the  existeneo  of  giavilation.     What  New- 
ton  did  was  to  ttliow  thiit  the  moliuim  of  the  planets  were 
determined  by  a  univereal  force,  of  which  the  force  which 
nansed  tho  apple  to  fall  was  one  of  the  mnnifestations,  ani) 
thiM  to  dt'iuivo  Ihc  colcetial  motions  of  all  the  mj-stor)-  ia. 
which  tliey  had  formerly  been  enshrondcd.    To  iiin  )ired« 
eoi-s,  the  eontinnoiB  motion  of  the  planets  in  oireles  or  ellipses ' 
wn»  somctliin"  so  (completely  nidike  any  motion  seen  on  the 
E>nrfa(;c  of  tlie  ciirth,  tltiit  they  a>iild  not  imnsine  it  to  bo  gor- 
ernod  by  the  !"i>ne  laws;  and,  knowing  of  no  law  to  limit  the 
plaiiotnry  motion^  the  idea  uf  iJiu  heavenly  bodies  moving  ill 
a  manner  whteli  eet  all  the  hiws  of  tcrrestrlr.l  motion  at  tie- 
lianee  was  to  ihein  in  no  way  inci-odible. 

Tiie  idi-a  of  &  eosinical  force  emauatinr;  from  tho  sun  or  tllS 
eartli,  and  eniislng  the  celestial  molionx,  did  not  originate  witli 
Kowton.  Wo  liave  seen  that  even  Ptolemy  had  an  idea  of  a 
force  whivli,  always  directed  towards  the  centre  of  tho  carttu 
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wliiuli  WIS  lo  him  the  miiio  tliiiif^,  tou-ftixls  the  centre  of 
the  universe,  not  only  caused  hcavj  bodies  Ui  fnll,  l>iit  boniid 
the  wltole  UDivoreo  to^-Uier.  Iveplur  siso  tnainluiiicd  that  tho 
foivc  which  tnovod  tlie  ])liiiictii  i-«»ided  in,  and  cniBiiiUed  from, 
the  sini.  litii  iieliher  Ptolemy  nor  Ke])tei'  could  ^ve  any  ade> 
qnatc  explitiiation  of  tho  force  on  llte  htuU  uf  lavrs  «!cn  in  ac- 
tion aiviind  lis;  nor  wiw  it  jxiwiUle  to  form  uny  ooncnption  of  il4 
trne  iiatiire  u  illiout  a  knowledge  of  the  general  lau-s  of  mution 
ntid  force,  to  which  neither  of  iluw  philueophcrs  over  attained. 

Tlie  ^rcAt  n)i«i]){>i-ehoiision  whivti  i«'iw*«»ed  tho  mind*  of 
tienrly  ail  mankind  till  the  time  of  Galileo  wa^,  thai  the  con- 
tiniioiiH  aelion  of  »ORto  force  was  necessary  to  keep  a.  moving 
tiody  in  rnoliuii.  Thnt  Ke[i!er  himself  wflia  fully  possetMid  of 
lliis  tioiiun  is  ghowii  by  the  faet  that  he  conceived  a  foi-ce  act- 
ing only  til  tlie  diivction  of  the  snn  to  bo  insufHcicnt  for  keop- 
inj{  Dp  tlie  planetary  motions,  and  to  reijiiim  to  be  snpplcntont- 
ed  by  eomc  force  whivh  should  constantly  push  the  planet 
ahead.  Tlie  latter  force,  ho  conceived,  might  ari««  from  th« 
roIa(ii>n  of  the  sun  on  Iiis  axis.  It  in  hard  to  wty  who  wiui  tho 
tii-st  clearly  to  eee  and  amiounco  that  this  notion  was  entirely 
{ncorreel,  and  itiat  a  body  once  Bot  in  motion,  and  acted  on  by 
no  force,  would  move  forwai-ds  forever — so  gradually  did  thv 
gl¥at  Initli  dawn  on  the  minds  of  men.  It  mtiM  have  been 
obvions  to  Leonardo  da  Vinci;  it  was  implicitly  contained  in 
Gii]ilco*«  law  of  falling  bodice,  and  in  JIuyglicne's  theory  of 
ccnlml  forces;  yet  neither  of  tltosc  philosophcTS  »eems  to  have 
clearly  and  completely  expressed  it  We  can  hardly  bo  far 
wrong  in  eayiiij;  that  Nowton  was  the  first  who  clearly  laid 
down  lhi«  law  in  conneel>o<i  with  the  correlated  laws  wliiuh 
cluster  nroiind  it-  llio  basie  of  Newton's  discovery  were  these 
three  laws  of  luotion : 

'  Fint  law.  .-1  Uxlij  omx  »el  in  melio7t  and  acted  on  hy  nofwct 
wilt  move/ovKards  in  a  straight  line  and  wiOi  a  uniform  velueitg 
foTtcrr. 

Second  law.  If  a  moviwj  body  he  acted  on  by  any  force,  its  de- 
viation from  tfienuitioH  dt0>tai  in  Ae  first  law  xoiUbe  in  Ihi  direc- 
tion of  Ac  force,  and  proportiotial  to  it 


^^ 


70      STSTEil  OP  TUB  iroiaO  BISTOUlCAltY  UBrELorEt). 


Third  \a.v.  Aetian  and  reaction  are  equal,  and  in  opposite  dt 
reriioiis;  t/iat  w,  wltmeorr  any  otic  body  exvrta  a  force  <wi  a  ateond 
one,  die  latter  exerta  a  limUarJoree  on  the  Jint,  oni}/  in  the  opposite » 
direetion. 

The  tiret  of  tlicto  la,\vt  i«  llic  fniidsinoritnl  one,  Tho  cir- 
ciii:i»lnii(-v  wlucli  hiipcded  Ittt  diAOOvcry,  And  sot  man  nttmy: 
for  many  c'cnturicg,  was  that  tliuro  was  no  bodj*  on  the  uanh'a' 
enrfflcc  acted  on  hy  iiu  force,  ntid  thcrcfom  no  u.\niii]>lu  of  a 
body  inovini;  in  a  continiions  stjaight  lino.  Every  body  on 
whicli  an  experiincnt  could  Im  niadu  was  at  least  acted  on  by 
Uic  nmvitation  of  the  eiirlh— thai  i*.  by  its  own  ^vcipht — and, 
in  con w>(]nencc, soon  fell  to  the  earth.  Other  forces  whii^h  iin- 
pcdetl  Its  motion  wvru  friclioti  and  llio  I'OfiislaiiL-is  of  ihu  air. 
It  iiccdcrl  rcHCfti-ch  of  n  differont  kind  from  wimt  the  prcdo- 
ceMora  of  Q&liico  had  given  to  pliyoical  ])rab1cii!S  to  hIiow  that, 
but  for  thcso  forcb«,  Iho  body  would  movo  in  a  etrsiglil  lino 
widioiit  hindcmiiue. 

Wo  avo  now  prepared  to  iindenlniid  the  \eij  slrai-ihttor- 
ward  and  eimplo  way  in  which  Newton  asfonded  from  wlmt 
ho  raw  on  tlie  cartii  to  tlm  ^-at  principlo  witli  which  his 
name  ia  aMO<!)ated.  We  see  that  there  is  a  force  nctiiig  all 
over  tlto  cartli  by  which  all  bodies  ai-e  dmwii  towards  tlie 
earth's  ccittio.  Hits  forco  extends  witlioiit  sensible  diininn- 
lion,  not  only  to  the  tops  of  llio  hisjliest  iniildin!^  bnt  of  lliBj 
higbofit  mountains.  Ilnw  much  higher  does  it  extend?  Wtij^ 
should  it  not  extend  to  the  mooii  ?  If  it  does,  tho  moon  wonltl 
tend  to  drop  to  Uio  earth,  just  a»  a  Mono  thrown  from  Ihc 
hand  docs.  Such  buitig  tlio  eaei?,  why  should  not  thib  simple 
foi-co  of  gravity  bo  tho  fnroo  whicii  keei>6  tho  moon  id  her 
orbit,  and  prevents  her  fixmi  flying  off  in  a  straight  line  nnder 
tho  tiret  law  of  motion !  To  answer  this  qnoKtion,  it  was  noc- 
cseary  to  calcnlalc  what  forco  was  roqniuto  to  i-etain  tlio  moon 
in  her  orbit,  and  to  eomjiare  it  with  gravity.  It  was  at  that 
time  well  known  to  astronomere  that  tlio  distHncc  of  thu  moon 
was  sixty  somidiamcterB  of  tho  earth.  Newton  at  first  sup- 
posed  tho  earth  to  be  lew  Iliuii  7000  miles  in  diameter,  and: 
consecjuently  hie  calculations  failed  to  lead  him  to  the  rightj 
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result.  Tbis  xras  in  lOfiS,  wlicn  he  was  only  twenty -thi«e 
yeun  of  Oj^.  lie  Inid  itsido  liis  vak-iilations  fur  nearly  twenty 
years,  wlieti,  leaniiug  tliat  tlio  uii-asunss  of  Pintrt],  iti  t'mitoe^ 
ebowod  tbo  carUi  lo  bo  one-sixtli  larf^i-  tlijin  Iiu  hud  8ii[>|>o»ed, 
lie  again  took  up  the  eu1>j«cc.  lie  now  futmd  tlial  tlie  deflec- 
tion of  the  urbit  of  tliu  luuon  from  a  etnight  lino  was  euc-h  as 
toainonnt  to  a  fall  of  «ixtwii  feet  Jii  one  iiiiiiiitc.tlie  Miine  di»< 
taiicc  which  a  tfoily  falls  at  the  enrfiicu  of  tlie  tttrlh  in  one 
second.  Ttie  distance  fallen  being  as  the  siinare  of  tlie  tiuie, 
it  fallowed  Ihut  ihu  ivWK  of  gravity  at  lliu  ^nrtui-c;  of  lliu  uiirth 
woa  3GU<J  times  n.%  great  as  tlie  force  which  held  tiic  muoii  in 
her  orbit.  This  number  was  tlio  squam  oE  60,  whiuli  vxpresscs 
the  number  of  times  llie  niouu  'u  more  distant  thnii  we  are 
from  the  centi-e  of  the  carlh.  Ueiiue,  the  force  which  fwUt  (he 
wwon  tn  her  orbit  w  tiie  xtme  as  that  wliic/i  miitxs  a  skmr/iiU,  only 
diminitAfiJ  in  Oie  intxrM  tquare  oflbe  diatotvx  from  the  cetilre  of 
the  earth. 

To  llie  malhcniftticiaii  ttie  poMige  from  tltc  gravitation  of  an 
Apple  to  that  of  the  moon  is  cjuite  simple ;  but  the  non-mathe- 
matical reader  may  nut,  nt  Hi«t  sight,  mjo  how  tlte  moon  c-an  bo 
oonstanlly  fnlling  towards  the  earth  witliont  ever  becoming  any 
oenrer.  The  following  illitntiatiun  will  tnnke  the  matlcv  elear: 
any  one  can  nndpi^tand  the  law  of  falling  i>o()ic9,  by  which  » 
body  falls  sixteen  feet  the  Hr«t  second,  three  times  that  distnnca 
the  next,  live  times  the  third,  and  so  on.  If,  in  place  of  falling, 
the  body  l)C  projeeled  horizontttlly,  like  a  canuon-lmll,  for  cx> 
ample,  it  will  fall  sixteen  feet  out  of  the  straight  line  in  whieh 
it  is  projects)  dtiritig  the  first  second,  three  times  that  dlstanes 
tl»o  next,  aiiil  so  on,  tho  same  as  if  dra]ipcd  from  a  state  of 
rcet.  It)  the  annexed  figiii-e,  let  AH  n-pre^ent  n  portion  of 
the  cnrved  snrfaee  of  the  earth,  mid  AlJ  n  straight  line  hori- 
zontal at  A,  or  tha  line  along  whieli  an  observer  at  A  woidd 
sight  if  he  set  a  small  telescope  in  a  horizontal  posittoi). 
Then,  owing  to  the  cnrvattiro  of  the  earl]i,  tho  unrfncc  will 
fall  away  from  this  line  of  sight  at  the  rate  of  about  eight 
indios  in  the  first  niilo,  twcnty-foiir  inches  more  in  the  second 
mile,  and  so  on.     In  five  miles  tlic  full  nill  amotmt  to  sixteen 
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feet.    In  ten  mile»,  iu  addition  to  tbia  sixtctiii  feet,  tlu-cc  times 
tlial  atiiouiit  will  bo  added,  oiid  so  on,  tlie  law  bcitig  tlie  tJime 

^  -  '^ 
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with  that  of  a  falling  body.  Now,  lot /IC^  bo  a  bigb  eteep 
moimtaiu,  from  the  i^iiiniijit  uf  wliioli  ii  vaimoii-bAll  m  tlivd  in 
tlic  litiriwiitiil  ilii-ectioii  CE.  The  gientcr  the  volocitv  witli 
which  the  shot  is  fired,  the  farllior  it  will  go  before  it  readies 
the  (;i-ound.  Supiioso,  iit  Ictif^lli,  thnt  we  should  Hru  it  with 
u  velocity  of  five  miles  a  eceoml,  niid  tlml  it  should  inevt  witli 
110  rc»i&tance  from  the  air.  Sii])pu»!  c  to  l>o  tlie  point  on  the 
line  fivo  niik«  from  C.  Since  it  wonid  roach  this  imint  in  oilo 
second,  it  fullow«,  from  tliu  Inw  of  fullins;  bodies  juAt  cited, 
that  it  will  have  dropgicd  sixteen  feet  below  e.  Itiic  we  have 
ju6t  M:cii  tliat  the  earth  itself  cnrv«  away  sixteen  feet  at  ibis 
di»Iani-e.  Uencc,  the  t\uA.  it  no  iieaivr  the  i-aitii  tlian  when  It 
vras  fired.  During  tlie  next  E^ecoiiiJ,  while  the  bnll  woiiUI  go  to 
B,  it  would  fall  forty-eiglit  feet  more,  or  eisty-fonr  feet  In  all. 
]!nt  liciv,  again,  tiic  enith  has  still  been  roiniding  ofT,  so  the 
diMiuieo  Uli  \i  f ixly-four  feet.  Ilenee,  the  ball  ia  fttill  no  ttenr- 
er  ihe  earth  than  when  it  was  fii-ed,  nlthongli  it  has  been  dr»]v 
ping  awny  from  lite  line  in  which  it  was  fiixtd  exiietly  liko  a 
falling  hotly.  Moreover,  meeting  witli  no  rcsistnnce,  it  i*  Mill 
going  on  with  nndiniinished  velocity ;  and,  jnst  as  it  has  l>eeti 
falling  for  two  seconds  witliout  getting  any  nearer  tlio  eaitli, 
to  it  can  got  no  nearer  in  tlic  third  Becond,  nor  in  the  fourth, 
nor  iu  any  snbaeciiient  second;  but  the  earth  will  eon&tantly 
curve  away  as  fast  as  the  ball  can  drop.  Thus  the  latter  will 
|)U8  clear  round  the  cnrth,  and  conic  back  lo  the  tirst  point  0, 
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am  whirli  it  stni-ted,  in  llic  direction  of  llie  Hri-ow,  witliont 
tny  loss  of  vcloeily.  TIio  time  of  rovolntioii  will  bt  alKiul  an 
hour  uimI  twcn(v-four  minutes,  aitd  the  ball  will  time  koo|>  on 
revolving  miind  tlie  enith  in  llii»  space  of  time.  In  other 
wonis,  (lie  bull  will  bo  u  Mtt-llito  of  the  vartli,  just  liku  tho 
iDooti,only  much  iioariT,  and  rc^'olving  much  fai»tci'. 

Our  next  fltcp  is  to  extend  t^ravitalinn  to  other  bodies  tiian 
Uie  esilli.  The  plniiets  mo\o  around  tlie  hiui  as  tho  inuon 
does  around  the  eartli,  nnd  must,  tlHii-cforc,  be  sclcd  on  b)-  a 
force  dii-eotod  towards  the  »un.  This  foim  can  be  no  other 
tliati  the  gravitation  of  tlie  sun  itself.  A  vei-y  eimitle  calcula. 
tion  from  Kepler's  third  law  shows  that  llic  force  with  whieli 
CAcli  jilanot  (hitit  ;;niviialG»  towards  the  Sim  is  inversely  as  tlte 
square  of  the  menu  difttaiice  of  tlie  planet. 

Only  ODO  more  stop  is  iicovcssry.  What  sort  of  an  orbit 
uill  a  planrt  deM'rilio  if  mrtcd  on  by  n  foree  directed  towards 
tbe  &nn,  and  invcisely  ne  the  sqnare  of  the  distance  I  A  vvrv 
aitnple  demonstration  will  kIiow  that,  no  tnaitor  what  the  law 
oi  forc-e,  if  it  be  constantly  directed  towards  the  enn,  llie  ladi- 
ns-vector  of  the  planet  will  eiweep  over  equal  areas  in  otjual 
tiintie.  And,  ooitvar»cly,  it  i-annot  sweep  over  equal  areas  in 
equal  llinee  if  the  foreu  acts  in  any  other  direction  than  llint 
of  the  sun.  Hcuce  it  follows,  from  Kepler's  second  law,  that 
tbe  force  is  directed  ton-nrds  tlie  enn  itself. 

The  problem  of  determining  what  form  of  orbit  would  t>e 
dCAcribcd  wa«  one  with  which  very  few  mathomalictane  of 
tliat  day  were  able  to  gi-ap|ih>.  Newton  succeeded  in  proving, 
by  H  rigomns  demonstration,  that  the  orbit  wonltl  Iio  an  el- 
lipse, a  [laraUfla,  or  n  hyporbola,  according  to  circiimtttaiicc^, 
liKviug  tlio  sun  in  one  of  its  foci,  which,  in  the  caso  of  the 
elli[«e,  was  Kepler's  firet  law.  Thus,  all  mystei^  diRuppeai'ed 
from  tlie  celestial  motions,  and  the  planets  wore  &liou-n  to  be 
limply  lieary  bodies  moving  according  to  the  mnio  laws  we 
Bee  acting  all  around  ns,  only  under  entirely  different  clrcum. 
Btanocs.  All  three  of  Kepler's  laws  were  oxpn?»«ed  in  the  sin- 
gle law  of  gravitation  touards  tlie  stni,  with  a  force  acting  in- 
«enely  as  tho  square  of  tl'.e  distance. 
K  1 
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Yery  beAtitiful  is  the  explauatioii  whwh  gravi^  gives  ofi 
Ee)i1er8  tbii-d  law.     Wc  lia^'e  f*ivu  lliat  if  vo  take  tlie  cubea 
of  lliv  iiii-an  (lii)Uii<:e>  of  the  ticvi-nil  |>lHi)Ot^,  nii<l  tlividu  them 
liv  tlic  tujiinre  of  the  timed  nf  revohiliun,  tJ:c  ((iiotient  will  bo 
tlie  same  for  each  planet  of  the  system.    II  wo  pi-ot^eed  in  the 
earns  way  witli  tho  uilvllitci  of  Jnpiler,  cubing  thu  dielance, 
of  eavh  eatcUile  from  Jnjiiler,  and  dividing  lli«  cube  by  tho 
S'inare  of  the  time  of  i-evolntion,  the  quotient  will  l>e  the  »ame 
for  cadi  Mtellitc,  but  will  not  be  the  siine  lus  for  thu  pInneU., 
Thi«  qtiorient,  in  fact,  i»  )>i-ui>ortioiinl  in  the  ina^  or  wuight  ofij 
the  central  body.    In  the  ca«e  of  the  phineU  it  is  1050  limetf 
as  great  as  in  the  case  of  the  witcllites  i>f  Jnpitcr,    This  ehows 
that  tho  BUii  is  1050  titnt-s  as  heavy  an  Jiiiiitir.    We  thus  liavu 
a  very  convenient  way  of 'weighing"  such  of  the  planots 
have  salellitee,  by  ineasnniig  the  ori>it*  of  tho  salelliteH,  and 
dutcniiining  the  tinier  of  tliL-ir  revolution.     But  the  weight  ia 
not  thus  exprened  in  tf>ns^  but  only  in  fraulions  of  the  mutl 
of  the  enn. 

The  law,  however,  is  not  j-et  eoniplcte.  The  attraction  be- 
tween tlto  fiun  and  planets  nin»r,  by  tlic  tliird  law  of  motion, 
l>e  nintnnl.  If  the  earth  attrat^ts  the  moon,  slie  miiiil,  if  Ihoi 
kw  be  n  general  one,  atti-nct  the  {'lanets  also,  and  the  planed 
miiet  attract  iiieli  other,  and  thus  niter  their  molionu  arutmd 
the  Min.  N'ow.  it  i^  known  from  obeervution  Uiat  the  planets 
do  not  move  in  exact  accordance  witli  Kepler's  laws.  Tt>0 
tinal  qnesliun,  then,  ari»!a  whether  the  attraction  of  the  plan* 
et»  on  each  other  fnlly  and  exactly  accounts  fur  the  dcvinliuna. 
Tliia  (piestiun  Newloii  oonid  answer  only  in  an  imjierfect  way, 
thu  problem  being  too  intricate  for  Ins  mathematie&  lie  was 
nblo  to  show  that  the  iitcraelion  of  the  sun  would  cauH  ina- 
<]nalities  in  the  motion  of  tJie  moon  of  the  same  nattiro  na 
those  ob«orvvd,  but  lie  conM  not  calculate  their  exact  amount. 
Still,  the  general  cori-espondeiice  of  ins  theory  with  the  mo- 
tions of  the  heavens  was  so  striking  that  there  ought  not  to 
be  any  doubt  of  its  truth.  Very  remarkable,  therefore,  is  it 
to  *e«  the  French  .\c«dcmy  of  Sciences,  n»  late  as  1732 — nwre 
than  forty  yeai-»  later — awarding  a  prize  to  John  IknioiilU,  the 
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celebrated  mathematician,  for  a  paper  in  wliioh  the  motions 
of  the  planets  wen;  e:(plaiiii-il  on  tliu  tlicor^  of  vortices.  It 
ehonid  not  be  inferred  from  tliis  (liat  tliat  justly  celebrated 
body  still  conaidered  that  theorv  to  be  correct;  but  u-c  may 
infer  tltut  tliey  still  eonHidcrud  it  ati  open  qiieetion  whether 
the  theoiy  of  f^ravitation  u'lw  correct. 

To  cxpi-eee  Kcwton's  theory  with  completeneM,  it  i>i  not  «uf- 
Seient  tu  my  einiply  that  the  eiiii,  earth,  and  planets  atlraut 
each  other.  Divide  matter  as  tinrly  lut  we  may,  n-o  find  it 
still  poeeeeetn^  the  power  of  attraetioti,  bec4kti»e  it  has  weight. 
Since  the  eiirtii  attrauts  the  Kuiulle&t  particles,  they  nmst,  by 
the  third  Uw  of  motion,  attract  the  earth  with  equal  force. 
Ilenee  we  con(.-Iit<lo  that  the  jKiwer  of  attraction  I'evidei',  not 
in  the  eailh  as  a  whole,  but  in  each  individual  particle  of  the 
matter  o»nipo«ing  it;  tliat  it,  tl>c  attruetion  of  the  oaith  upon 
ft  ilono  ta  Aimply  the  cum  total  of  the  attntetions  l>ctween  the 
atone  and  all  the  pardeks  cumpositig  tlie  carlli. 

Tliora  is  no  known  limit  ta  the  distance  to  which  the  at- 
tmuiun  of  gravitation  extendi*.  The  atti'aetion  of  the  enii 
upon  the  most  distant  known  planets,  UraniiK  and  Neptune, 
shows  not  the  slightest  variation  from  the  law  of  ^Newton. 
Hnt.  owing  to  the  rapid  dinnnntiun  with  the  distance  to  which 
the  law  'A  the  inverse  Kiinitre  gives  rise  when  we  take  di&taneea 
ao  iuinici»e  ae  tluwe  which  separate  us  from  the  fixed  stare, 
the  ;n^viiiition  even  of  the  sun  Is  *o  small  that  a  million 
years  wonld  be  required  for  it  to  pi-oduce  any  iip(>ortant  ef- 
fect. We  are  thus  led  to  the  law  of  universal  gravitation,  ex- 
prceeed  as  followH : 

Hiviy  partide  <y  motor  in  the  utn'i«7»e  aUrtuta  every  other  par- 
tick  wtiCft  a  forw  dirttUy  a»  their  mass^  and  inversdy  at  lite 
fjuare  oftfte  dialanee  ui/<»cA  tepan^es  litem. 

§  2.  Oraviiathn  ^  Small  Ma»»a. — Dmstly  oftltc  EarA. 

To  make  perfect  the  proof  that  sravity  does  really  reside 
in  each  particle  of  matter,  it  wiu  doiriihle  to  &how,  by  actual 
experiment,  tliat  isolated  raaBsea  did  really  attract  each  other, 
aa  required  by  Newton's  law.    Thi«  experiment  haa  been 
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made  io  various  wnjs  with  entire  aucoiM,  the  object,  liowor-' 
cr,  twing  not  to  prove  tLo  existence  of  the  attraction,  but  to 
meuiire  th«  mean  den#itv  of  the  cartb,  whidi  admits  of  be- 
ing tints  deterniitied.     Tlie  attraction  of  a  eplicre  upon  a  point 
at  ita  surface  is  blown,  luBtliomaticaHv,  to  be  tite  Bame  as  if 
tliu  entire  maes  of  tlio  sphero  u-cro  coiiccnti-ated  in  it«  c«iitra., 
It  is,  tlicrofore,  directly  as  tlie  lolul  hritotini  of  matter  in  tfao 
iphore,  that  is,  its  weight,  and  inversely  as  the  square  of  its 
radios.     Lt't  nn,  tli«ii,  c<^tn))ai«  the  attraction  of  two  splieretl 
the  aamo  miUerial,  of  wbidi  the  diameter  of  tbv  one  is  dooblel 
that  of  llie  otlier.    The  larger  will  have  eight  times  tlte  bnik, 
and  therefore  vi^lit   times  the  inaee,  of  the  fimalter. 
against  this  is  the  diudvantage  tliat  a  particlo  on  ita  snrfaoel 
is  tw-ioo  as  far  from  its  c-ontre  aa  in  tlie  case  of  liio  smaller 
sphere,  which    caiucs   n  diminution  of  one-fourth.     Coiiw<j 
quenllr,  it  will  attract  Kiich  a  [nrtiolo  with  double  tlto  force- 
that  the  amaller  sphere  will ;  that  iii,  tlie  attractions  are  direct- 
ly ft«  tlie  diameters  of  llio  S])Iier(>i>,  if  the  diineitics  are  eijuiiL 
If  the  densities  are  nut  e<iiial,  the  atti'ni-tion  i»  pi-oportJoiiAl  to 
the  product  of  the  den&ity  into  tlie  diameter. 

Tlie  diameter  of  the  earth  is,  in  round  niimbor«,foTl^- millions 
of  feet.  Consequently,  liic  uttraclion  of  a  ^pliere  of  the  same 
mean  density  aa  Uio  earth,  but  one  foot  in  diameter,  will  be 
IP  BBu  OTT>  l">rt  tliw  attraction  of  the  earth ;  tlint  is,  ^rn-ia  an* 
the  weight  of  the  body  atti-at;ted.  Coitseqticntly,  if  wo  ^liuuld 
mcasnre  the  attraction  of  such  a  Bphcro  of  lead,  and  find  that 
it  was  just  tTTriggini  '''"t  of  the  weight  of  the  body  attivcted, 
we  would  vonclndo  that  the  mean  dcn»ty  of  titc  earth  was 
equal  to  that  of  lead.  Itut  the  attraction  is  Aotnallj  found 
to  tie  nearly  twice  as  great  as  this;  oonsoqaontly,  a  leaden 
sphere  is  nearly  twii;»  us  dense  as  the  a%-erage  of  ttiu  mat 
ter  composing  the  eai-tli.  Such  a  determination  of  the  density 
of  the  earth  is  known  at  the  ravendiuh  experiment,  from  tlie 
name  of  the  physicist  who  fin^t  executed  it. 

The  metliod  in  which  a  task  »>omingly  so  bo])olc5S  as  meas- 
uring a  minute  force  like  Uiitt  iii  acoiniplix'hed  is  shown  in  tlic 
Allowing  figures.    It  coitsiets  primarily  of  a  torsion  bAlance; 
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tliftt  if,  a  very  li^Iit  rod,  <f,  wiili  a  weight  at  cacli  criid,  Bii£|X)iid- 
ed  IiormtntnUv  by  a  jine  tiliro  of  $ilk.  In  order  lu  )irulect  it 
agaitift  currents  of  air,  it  must  be  completely  encloeed  in  a 
In  Fig.  22,  tlic  balance  tb  is  eiupendcd  from  tlio  cud 
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g.lt— BtDj*'  •pparaltn  tor  daWimlnlne  tfed  •Isotltf  of  lb*  wth  bjth*  Oltrndlab  ar 
pvrfOMUt.    TliB  Ipfl-kiiii)  trail  !■  It  hlddcu  tidiliiil  IhO  <relEbl  If. 

of  the  arm  KF  \>y  tlio  line  fibre  of  »)llc,  FK.    Tlio  weiglite  to 
be  Ktrnwted  are  at  tbe  two  cniU,  Ih.    Wbcii  thus  enit]>cnd- 
cd,  tbe  balance  will  ewing  round  in  a  liorimiitat  direction, 
twisting  l]ic  Bilk  fibre,  by  ft  very  unall  force.    Tlie  attracting 
mmnes  consist  of  n  pnir  of  lenden  btilJ!^  WW,  t»  Inri^  its  tbe 
experimenter  can  procure  and  manage,  wbicli  ai-c  snpjKirted 
on  the  tnrn-tablc,  7*.    In  Fig.  S3,  a  view  of  tlio  aitparatus  from 
above  is  given,  ijiowjii^  the  relative  |)o«itionti  <>i  tlio  leaden 
b«lb,  and  the  Buependcd  woiglita  wliidi  they  Are  lo  attract 
I  It  will  l>e  seen  that  in  tbe  poeition  in  v,-btch  the  weights  are 
rc[>rc«ct)tod  in  llie  ti<;iire  tliuir  ntlraelion  tend*  to  make  tbe 
tonion  balance  tiini  in  tlic  direction  oppoeito  that  of  tbe  hands 
I  of  a  watch.    Tlie  effect  of  placing  Uic  leaden  balls  in  this  posi- 
tion id,  that  tbe  Itnlnticc  begins  to  timi  n>  described,  and,  being 
L  curried  by  its  momentum  beyond  the  position  of  ec^nilibrinm, 
I  at  length  comes  to  rest  by  the  twisting  of  the  silk  tliroad  by 
>  which  it  \a  vilipended,  an<)  then  \«  i.-arrietl  pnrt  of  tho  way 
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bock  to  Its  origiiml  poAilion.  It  malcee  eevern)  vrbnttione, 
etch  requiring  eotne  iniinilcs,  and  at  length  ooraee  to  rest  in  n 
poeitiou  different  from  its  original  one.  The  attracting  balls 
arc  tlicn  pkocd  in  the  reverse  position,  corrctfioiitllng  to  tlie 
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dotted  lines,  bo  that  they  tend  to  make  the  balance  euring  in 
tlio  opposite  direction,  and  tliu  motions  of  the  buhmcc  uro 
again  dctcmiined.  Thc»ti  motions  are  noted  by  a  Email  mi- 
croscope, viewed  tlirongli  tlie  enclositre  in  wliicli  Uic  wliolc 
apparatiu  ia  placed,  and  from  these  motions  the  attiiictions  oi 
the  bnlls  can  be  coinpntcd. 

Since  ihia  exjieriinent  was  firet  made  by  Cavendish,  it  baSi 
been  repeated  by  sc\'cral  oilier  ph,>-«ici«te ;  first  by  Profe 
Reich,  of  Freiberg,  in  1S38,  and  again  by  Francis  Baity,  Esq^ 
of  London.    Tlie  latter  repetition  forms  one  of  Ihu  moet  elal 
oraic  and  cxhaiisti^-e  Eci'ics  of  cx[^K.>rimcnts  ever  made;  uro* 
have  tliereforo  chosen  HnilyV  npparatiia  for  the  pnriiose  of 
illustration.    The  resnits  for  the  mean  density  of  lh«  earthy 
obtained  by  thceo  several  experiments  arc: 

C*Tenduh  (hit  onn  N*alt)>-.-' "-M 

"        (llaitcn't  retinon)...^ » B.8S 

Rcteh „.. » It.44 

BaHy.. ...„ „ «.««• 

■  Memoirs  of  tho  Kojal  Aitronomicnl  SociMj',  toI.  xIs. 
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TIic  Bame  problem  bas  been  atttuitced  bv  Hiteitipting  to  de- 
toi'tuinu  tbti  utlractioii  uf  mountuiiic,  or  portiutis  of  tbe  criiet 
of  the  earth.  In  ftu:\,  ibe  fir»t  nltoinpt 
of  tbe  sort  ever  made  was  by  Maj>ke- 
Ijriie,  Astronomer  Itoyal  u£  KugliLiiU 
fi-Otn  1760.  to  ISll,  wbo  (Ictorntiiiod 
tbe  attraction  of  ibo  inouittuiu  Sulio- 
balUcn,  in  tiuotlaiid,  hy  ob!>crviii^  iis 
effect  on  llie  pbimli-liiie.  Tbe  priiiui-  bIIeJ 
pie  of  tbis  is  verr  dear:  on  whiubever 
Mdo  of  a  etcop  ifiolatei]  inonntuin  vro 
haitg  A  pbimb-lino,  tbe  athtiction  of 
llie  monntain  will  c-aii6e  it  to  incline  towni-ds  it,  the  diioction 
of  gravity,  or  tbe  appiirvnt  veiitcul,  being  ebanged  from  AS 
(Fig.  24)  to  ah:,  and  from  CD  to  CG.  Tbe  density-  of  tbo 
carlb  tbiiB  obtained  waa  4.71,  a  qnatitity  iiiiicb  Eniallvr  tban 
tbat  ufterH'ai-d«  ^vcn  by  tbe  leaden  ballt).  liiit  tbts  nielbud 
la  neoefl.'^nrily  extremely  nnccilain,  owing  to  tbe  fact  tliat  tbe 
eartli  immediately  beneatb  tbe  monntain  will  probably  not  bo 
of  tiko  eiimc  density  as  at  a  distance  from  it,  and  it  in  impoe- 
uble  to  determine  and  allow  for  tliis  difference. 

A  tbird  metbod  is  to  find  tbo  eliuiige  in  tliu  force  of  gravity 
aa  wo  dciicend  into  tbo  eartb.  Wo  Iulvo  eaid  tbai  tbu  nttrnu- 
tion  of  die  cartli  npon  a  jwint  outside  of  it  is  tlie  same  as  if 
ibe  wliolo  mans  of  ibc  cnrtb  were  euncontratcd  in  its  centre. 
Uetice,  aa  we  rUe  above  tlie  surface  of  tbe  earib,  ibiiH  i«ced- 
iitg  from  the  centre,  tlte  force  of  gravity  dimintslie&  If  this 
for<%  all  n-sided  in  tbe  centre  of  the  eiirtli,  it  wonld  continue 
ly  increuM!  ns  we  went  below  tJie  surface,  varj-ing  as  tbe  in- 
verse 6qnare  of  onr  distant^  from  tbe  centre.  But  sncb  is  not 
the  ca£e;  bMM»o,oneo  inside  ibv  oitrtb,wobavo  matter  aroinid 
and  above  n*.  the  attraction  of  wbidi  lewcns  the  gravity  to- 
wards t)>e  centre.  At  tbe  centre  tbe  attraction  ia  notbing,  be- 
came It  point  ia  there  cqnnlly  attracted  in  every  direction,  tf 
the  density  of  the  earth  were  nniform,  gravit)-  would  ditomieb 
with  poi-foct  uniformity  from  tbe  siir^ee  to  llio  conUt;.  Bnt 
in  fact  the  density  of  the  iulenor  is  so  iiuicli  greater  tban  that 
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of  Uh)  stirfaco,  tliKt  tlio  foroo  is  found  to  iitcirMfe  tut  wc  go  Ije- 
low,  instead  of  diinini»h!iig.  I'l-ofcssor  Airv,  in  1$55,  mado 
an  eLaborato  ecriee  of  experiments  nt  llio  Hnrton  Collicn*,  in 
Wnkif,  in  oi-dor  to  observe  tlio  rate  of  increiue.  Ho  fotind 
tlint  a  (lendnlmn  nt  tiio  boltum  of  tliu  inino  went  fo&ler  tlinn 
at  the  top  bv  nbont  2.3  8e<?on(lB  ]ter  ditv.  Fn>in  tliis  ho  oon- 
cliidid  tliiit  Iliv  mean  density  of  Uw  eai-lli  vcas  0.5C. 

§  3.  Figure  o/t/,e  Eartf>. 

If  ttio  cartli  did  not  i-ovoK-o,  tlto  mutual  attnivtioti  of  all  Its 
jmrtd  wonid  tend  to  ittake  ii  assame  &  niihericiil  form.  If  tJio 
cohesion  of  t1>c  solid  ])Hi't£  proveutcd  the  e)'liei'ica)  form  from 
being  accnraloly  assnnicd,  novorllH-luBS  lliu  Biirfaco  of  the 
ocean,  or  of  any  fluid  covcrii)^  tlie  ennh,  wunld  fttenirto  that 
form.  If,  now,  we  set  siicli  a  splierii-al  eanh  in  i-otntioii 
around  an  axis,  a  centrifii^l  fort-e  will  be  j^nerated  IowmxIk 
llie  eqiiatoriiil  rcj;ioii(i,  wliicli  will  cause  the  ocean  to  move 
from  the  poles  towards  the  oqnator,  ko  that  the  Enrfacc  will 
tend  to  UMniiic  tlio  form  of  an  ublaio  ^phoroid,  the  longvst  di- 
ameter pa.'i.'.in^  thrxni^h  llie  eqnalor,  and  the  B]iorte4>t  Ihrait^lt 
the  poles.  A  computation  of  tlio  centrifugal  force  at  tlie 
et^uator  shoe's  it  to  be  ^^  the  for^x'  of  ffravity  itself.  Conse> 
qHeiitly,  the  ohiatencse  onj;ht  to  l>e  easily  measurable  in  geo> 
detic  opcmtions.  Yet  another  result  wne.  ttiat,  in  eonsecjiieiico 
of  tlio  eenlrifiigal  force  at  the  ocjuator,  bodies  would  bo  lij;lit- 
or,  and  a  clock  regulated  to  iiortliern  latitudes  wonId  lose 
time  when  taken  thitlier. 

This  last  result  accorded  with  ttie  experience  of  Ridier, 
sent  by  the  French  Academy  to  Cayeime,  in  1(172.  to  make  ob- 
(«rvatioiifl  on  Man*.  After  that,  to  deny  the  oblate  figure  of 
llie  cftrtlt  was  not  so  mudi  to  deny  Xewton's  tlieory  of  gnrhj 

'  TheK«nani1  laiv  wliicli  rairnlntct  ihe  totvn  of  urnviiy  wiiliin  ihe  oulli  u  tliiit 
Tlio  lulnl  nilrBClion  of  llio  »)ii<ll  uf  enrlli.  which  U  ouliii>l«  Ihe  nilmoteil  poini  «!• 
HnilinK  nil  ardanii  lli«  ^o1i«,  it  nolliins,  w1iil«  tlia  remiiiiilor  of  ilie  Klobo,  being 
n  iptMra  niih  (lie  puint  on  in  (iirfdre,  ntirnrii  na  if  it  n«re  nil  ooncentnfpd  nt 
itis  CMilm,  Bui  lliii  pi«Hiip]iniW4  Ihiit  llic  wtinle  nrlli  it  Min|io»«d  of  ipfacnnl 
Ujtn,  taeh  of  nailcviD  ■Ituii]',  nhloli  it  nut  *uictlr  iho  raw. 
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Bft  to  deiij  tlmt  mecliaiiicnl  forceei  prodtiijed  tli«ir  nnttiral  effect 
in  eliaiigitig  lliu  form  of  the  siirfaue  of  tlie  (wean.  Nevcrthe- 
\tnjt,  tlic  Frcncli  ftfitroiioincK  long  i-ofi»cd  their  assent,  bccauso 
tlic  geodetic  o))«nili«iLi  the^'  hiid  iiiidtrlnkci)  in  Ki-ntice  wcna-d 
to  indicate  that  tlio  Bartli  was  elongaleil  intlier  lliaii  flattened 
in  iho  direction  of  the  poloa.  Tim  real  eaiiHu  of  this  result 
wa-s  that  the  di*tnncc  men-^nrcd  in  Fruturu  wo^  so  »hort  tlmt 
dio  cSect  of  the  carth'^  clHpticity  was  entiral}'  masked  hy  the 
utiAtoidttblo  errors  of  the  messtii've,  yet  it  lung  dulnyed  the  en- 
tire acwptJiiicv  of  llic  NowtoniAii  tlicory  by  the  l-'i-ciidi  luii-on- 
omera.  We  innst,  however,  give  the  latter,  or,  6{)cnkin};  of 
thcin  individnally,  their  siicociieors  of  the  next  gencratlun,  the 
vrudit  of  taking  the  inoet  thorough  invuure«  to  settle  the  ques- 
tion. Their  ^veniment  hciiI  one  expedition  to  I'erii,  to  mens- 
urc  tlio  Iciigtli  of  a  degree  of  latitude  at  the  equator,  and  an- 
otlier  to  I^plnnd,  to  measiii'o  one  z&  near  a«  poi^iiiblo  lo  the 
polp.  Ttw  rrstdt  wa«  cntiiely  in  accord  with  tlie  theory  of 
XewtoD,  and  gave  it  a  confirmation  which  had  in  iho  ineau 
time  become  entirely  utmcccseary. 

Xcwton  wa»  nnabic  to  dclcrmino  tlie  exncl  figure  which  tlie 
earth  ought  to  assume  under  the  influence  of  its  own  altmc- 
tion  and  the  cenlrifngnl  forco  of  rotatiou,  though  he  cuiild  see 
that  its  meridian  lines  wonhl  be  curvo*  not  very  different  from 
•n  elli|Me.  Tlie  complication  of  the  problem  arisce  from  tlie 
fact  that,  as  tlm  earth  changes  its  form  in  consequence  of  the 
rotation,  the  direction  and  force  of  nttraclion  at  tliu  various 
points  of  its  surface  dmnge  also;  and  this,  in  its  tuni,  leads 
to  a  different  flgure.  It  was  not  until  the  middle  of  the  last 
century  tliat  the  problem  of  tlic  form  of  a  rotating  fluid  mass 
was  eoKed,  and  tlic  answer  found  to  be  au  elIi]>sold. 

The  figure  of  the  earth  is,  however,  not  an  exact  ellipsoid, 
there  being  two  causes  of  deviation.  (When  we  speak  of  the 
figure  or  dimensions  of  tlie  earth,  wc  mean  those  of  tlie  ocean 
as  they  would  ho  it  the  ocean  covered  the  cntii-c  earth.)  One 
cause  of  deviation  is  that  the  density  of  the  earth  increases 
an  wo  approach  its  centre.  The  other  cause  is  tliat  tliere  are 
great  irrcgtdaritiee  in  the  density  of  its  supcrfictfll  portions. 
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In  ooosoqueDCV  of  this,  tlic  real  flgnre  of  iho  watorlino  is  fnl) 
of  Bmall  devialions,  wliicii  are  rendered  veri,-  evident  by  tlie 
refined  detenninalions  ■>(  modem  limes,  and  which  are  ver; 
troiit)lceomc  to  all  wliu  ititi  eiigngud  in  uxAcl  geodetic  opera- 
tioua. 

§4.  Pitcession  of  the  Rjuinojxs. 

Yet  another  raj-eterioiis  phenomenon  which  gravity  com- 
pletely explained  was  tliat  of  ihc  jmM:c«6ion  of  the  c(|tiinDsc«. 
Wc  Iiavu  ah-cady  dvHuril>ed  tliis  as  a  «Iuw  change  in  the  jmet- 
tion  of  the  pole  of  the  celestial  sphere  among  the  Mans,  Uiid' 
jiig  to  a  corresponding  change  in  the  jKteitiou  of  iho  eelcstial 
equator.  But  tho  CojMiniit.'Mn  theory  sJiows  the  eclu»tial  jiule 
to  be  purely  liclition^  becanse  the  heavens  do  not  revolve  tA 
all,  bnt  tlio  cailli.  The  pole  of  the  celeatial  sphere  is  only 
tliat  point  of  the  heavens  towards  wliieU  the  axt«  of  the  carlli 
{)bint8.  lienee,  when  we  como  to  the  Copemivan  C'ystcn),  ne 
Ke  thftt  jirocesiiion  inn&t  be  in  tlie  earth,  and  not  in  tlie  hea\'- 
eiiB,  and  mu§t  coneiet  eimply  in  a  ehangu  in  the  direction  of 
the  carth'x  axt«,  in  virtue  of  wliich  it  d<.W!ribe«  u  cii'clo  in  the 
heavens  in  about  25,S0O  years.  This  eflFeot  was  traced  by 
Newlon  to  the  attraction  of  the  Eun  and  moon  un  the  proto- 
liemnc-u  produoed,  v*  ju»t  dcfteribed,  by  the  ocntrifngnl  fort-e 
at  the  cnrtli'jt  c*|uatQr.  In  tho  present  case  tJie  effect  is  nnieli 
tlie  »ime  as  if  the  eartli,  being  itself  epherical,  were  envelojted 
hy  u  huge  ring  extending  ronnd  ite  equator.    In  Fig.  25  let 
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AB  represent  this  ring  revolving  aronnd  the  eun,  S;  the  cen- 
trifugal  force  of  Iho  eartli,  due  to  ita  motion  aronnd  the  snn, 
will  then  balance  the  mean  atti-aetion  of  the  sun  upon  it.  But 
the  point  A  being  near  the  enn,  tlie  attraction  of  the  latter  npon 
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will  Im  tiKire  powerful  than  upon  C>an<l  conse<]iictit1y  great- 
er tliaii  tlic  cciiirifiigal  forco.  t^u  tlicixi  will  be  a  euqilne  forco 
drawing  A  towaixlii  tlie  aun.  At  B  the  nttmctive  foi-cc  of  llic 
iiin  is  less  tlian  the  mean,  so  tJiat  tliera  is  a  eniqiliis  force  tend- 
ing to  draw  H  from  tho  snn.  Tlio  ring  being  obliqno  tou-ards 
the  SDn,  tho  efltcct  of  tlie»c  »nr])l>ifl  foroc*  would  bo  to  iimku 
lltcringtuni  ronml  on  e  nntil  (lie  line  A/i\K>mfei\  towards  llio 
Mill.  The  ^pliorioal  earth  being  fftstoncd  in  llie  rin^,  an  ju^t 
En|rpoiied,wonld  verr  slowly  be  tnmed  round  willi  tlic  ring,  eg 
that  its  cqnator  would  bo  directed  towards  tbo  sun.  But  this 
effect  ]»  jtrcvL-nlvd  by  Ilio  vartli'n  rotation  on  ittt  nxis,  which 
jitakeA  it  avt  like  a  fyro«ico)>e,  or  like  a  spinning-toix  IiiMead 
of  bviug  brought  down  towards  thestin,  a  wry  slow  niuiion^at 
right  nnglc«  to  lhi«  direction,  is  prodncod,  and  tItiiA  we  have 
the  motion  of  prooesuoi).  Tlw  nature  of  lliis  motion  tnay  be 
I>e»t  M!cii  by  I'ig.  18,  where  tbe  norllt  potu  of  tlie  oartli  is  rcp- 
Te&cnted  u»  ccnUuntly  inclini-d  lo  tlio  riglit  of  the  observer  *» 
the  cartli  moves  ixjnnd  tlie  snn,  so  that  the  soUtiuee  are  at  A 
and  C,  and  tho  equinoxes  at  Sand  D.  Tho  ufTuut  of  the  at- 
traulioD  of  tlio  kuii  and  moon  on  the  proliil>i'rtiiice  at  tho 
eqntlor  is,  that  in  tiSOO  years  llie  axis  of  the  enrth  will  incline 
towards  tbe  observer  of  tlie  pictnre,  with  nearly  the  incHna- 
tfon  of  23°;  so  tliat  the  solaricee  will  be  at  Sand  D.  and  tho 
eqninoxus  at  A  and  C.  In  tl5iJ0  years  more  the  north  polo 
will  bo  jiointed  towards  the  left  instead  of  the  riglil.  a»  in  the 
fignre;  in  6500  more  it  will  lie  directed  from  the  ohserver; 
and,  tinnlly.  at  the  end  of  a  fourth  period  it  nnll  bu  once  more 
near  its  present  position. 

The  effects  we  luive  described  wonld  not  occnr  if  the  plane 
of  the  ring,  .4/},  pnAM-d  through  the  enn,  because  then  tlie 
forces  which  draw  .-1  ton'ards  the  sun  and  B  from  it,  would  act 
directly  agdnat  each  other,  and  so  destroy  each  othei-'a  effect. 
Kow,  this  is  tbe  ease  tn-ioe  a  year,  namely,  when  tho  enn  is  on 
tlio  equator.  Therefore,  tlio  motion  of  precession  i^  not  nni- 
form,  bnt  is  much  greater  than  the  avcinge  in  Jnnc  and  De- 
cember, when  the  snn'ti  declination  is  greatest;  and  is  less  in 
Harcli  and  September,  when  tho  sun  Va  on  the  plane  of  the 
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eqimtor.  Moi-eover,  in  December  the  earth  is  nearer  the  eiin 
tliuii  in  Jii)ii.>,  atii]  the  furctt  greater,  eo  that  wc  have  still  an- 
other iiicqimlily  from  this  cause. 

l*recef«ioii  is  not  ju'oditeed  hv  tlie  sun  alone.  The  moon  is 
b  jx't  ntoix)  powurfiil  a^iit  iii  prodiiciiif;  it.  il«  Etnallor  mass 
being  more  tlinri  compeiiMtcd  hy  its  gi'ciitcr  proximity  tu  lis.* 
Tho  same  canaoe  which  make  the  action  of  the  sun  vnrinblo 
make  thnt  of  Iho  mouii  vunuUe  aUo,  mid  wo  have  tliu  adji- 
lioiinl  cranfc  that,  owing  to  ihe  revolution  of  thp  moon^s  node, 
tlio  indination  of  tho  inoonV  oihit  to  Ihe  plane  of  Ihe  carth'ii 
equator  is  eiihjoct  to  an  oseillat ion  having  a  poriod  of  18,0 
yean,  producing  nii  iiib(|iialit,v  of  thi<»  ftnme  period  in  tlio  pro- 
cession. The  several  hiecjnahties  in  the  precession  whicli  vre 
have  described  are  known  as  nutation  of  Oie  rarih'a  (ltu,  and 
arc  nil  accniatelj-  ixtinpntvd  and  laid  down  in  astronomiual 
tabie». 

§  5.  TJie  Tides. 

It  has  been  known  to  seafaring  nations  from  n  remote  an- 
tiquity that  there  was  a  singular  connection  between  tho  ebb 
and  flow  of  tho  tid<»,  and  the  diuriml  motion  of  tlic  moon. 
Ciesnr'ii  dencripiioti  of  Iiifl  [>a8sagea  across  the  Enj^lish  Olmnncl 
shows  that  lie  was  acquainted  witli  tlio  law.  In  dt-seribing 
tho  motion  of  tho  niooti.  it  was  sliown  tlint,  owiiii^  to  her  rovo- 
hition  ill  a  monthly  orbit,  she  rises,  passes  tho  meridian,  and 
sets  about  fifty  minntes  later  every  day.  Tlio  tides  ebb  and 
flow  twice  a  day,  lint  the  corresponding  tide  ii'  always  later 
than  rbe  day  before,  by  the  same  amount,  on  the  average,  thlit 
tlie  moon  is  later,  llcncc,  at  any  one  place,  the  tides  always 
occur  wlien  the  moon  is  near  the  siimc  point  of  licr  apparent 
diurnal  couise. 


*  TM*  mitr  n«ed  intnc  oiplnniuiat],  ni  ilic  MmtcUiv  Torre  of  the  inn  upon  iha 
ernlh  ii  mcno  thnti  n  liuniircd  limo  ihni  of  ihc  moon.  Tlic  force  ivhicli  proiluc 
prccniiion  3>  piojmnionnl  lo  llic  diffrrence  of  llie  ntlraclioin  on  ilie  Itto  eidol  i 
ihc  vanh,  or  on  A  nnU  B  in  Vig.  3S.  nnj  iliia  ditTcicncc  U  gicnler  in  Uie  caM  i 
IliO  moon'*  ninaciion.  In  liict,  it  rnriw  iavcnel;  <u  the  cab«  of  ihe  diitaiiM  i 
the  Attnciing  bo<l7. 
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The  came  of  tliis  ebb  and  flow  of  tlie  sea,  and  its  relation 
lo  tiio  moon,  wae  u  nivMcry  iiDtil  gnivitiitioii  eliowod  it  to  be 
duo  to  tlio  attraction  of  the  moon  on  tbe  n-ntera  of  tbe  ocean. 
Tho  reason  why  there  arc  t«'o  tides  a  day  will  appear  by 
etndyiiig  the  case  of  tlie  moon's  rovoliition  around  the  enrth, 
I^t  Jf  be  tti«  moon,  £*  the  earth,  and  EMihe  line  joining  t)ic!r 
centres.  Non-,  strictly  ipcaking,  the  moon  docs  not  rovohe 
around  tlie  eartii,  any  more  tbau  the  oartli  aronnd  the  moon ; 
bat  by  tlie  principle  of  action  and  reaction  tiio  ventre  of  each 
body  moves  nroinid  tlie  common  centre  of  gravity  of  llie  two 
bodies.  Tho  ciinli  buinj^  viglity  times  ks  liviivy  as  tho  moon, 
thii  centre  i»  »ittintcd  within  tlio  former,  about  three-fjnartcrs 
of  tlie  way  from  tts  centre  to  its  surface,  at  the  point  O  in  tho 
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Sgnre.  TIw  body  of  tlio  earth  itself  being  solid,  every  jmrt  of 
it,  in  conscqnence  of  tlie  moon's  attrnction,  may  be  considered 
DS  describing  a  cirelo  once  in  a  nioulb,  having  a  radius  equal 
to  KG.  The  centrifugal  force  caused  by  tltis  i-otaiion  is  jnst 
balanced  by  the  mean  attraction  of  tl]0  moon  n])oii  the  cartli. 
If  this  atti-action  wore  tho  satno  on  every  part  of  the  Cttitll, 
tliero  wonld  be  everywhere  an  exact  balnuce  between  it  and 
tlto  centrifugal  force.  But  as  wo  jiass  from  JC  to  D  the  at- 
traotion  of  tbe  moon  diminiiilics,  owing  to  tiiu  iucrcaticd  dis- 
tance. Flence  at  />  tlie  centrifugal  force  pi-edoniinate«,  and 
tlto  water  therefore  tends  to  move  away  from  the  centre  £. 
As  wo  pats  from  £  towards  C  the  attraction  of  the  moon  in- 
croaws,  and  therefore  exceeds  the  centrifugal  force,  Consc- 
qnently,  at  C  there  is  a  tondoucy  to  draw  the  water  towards 
ijie  moon,  bnt  still  away  from  tlie  centre  S.  At  A  and  B  tlie 
attraction  of  tho  moon  increases  tho  gravity  of  the  water,  ow- 


93  arsTSU  or  the  world  ihstobically  OBrsLOPED. 

ing  to  tlio  convergence  of  the  Unos  J^JTand  AM,  along  wliidi 
it  ftcU :  liciico  ttio  action  of  tiic  moon  lends  to  tiinke  the  wnleiv 
rue  at  Z>  nnd  C,  and  to  fail  at  .4  and  H;  there  ni-o  tlicrefore 
two  tidua  to  each  apjiarcnt  diiirual  i-ovolutiuii  of  tliu  irioon. 

If  tlie  waters  everywliere  jietdud  immediatuly  to  tlie  at- 
tractive force  of  liie  moon,  it  would  uhvavs  bo  liigli-WAlcr 
whuu  thu  moon  was  on  the  meridiim,  low-water  wiicn  fixe  wu 
rising  or  Betting,  and  lii;^ti-watcr  again  when  eIic  was  in  tlie 
middle  of  that  portion  of  lior  courec  wliitii  ie  iindor  ilic  hori- 
Kon.  lint,  owing  to  the  inertia  of  tlie  water,  6onie  time  is 
necesMiry  for  bo  slight  a  force  to  set  it  in  motion,  and,  once  in 
motion,  it  continues  eo  after  the  foroc  has  ceased,  and  nnlil  it 
UuA  ncUid  touio  time  in  tlic  opposite  diructiun.  Thcroforc,  if 
the  motion  of  the  water  were  nninii>eded,  it  wonid  imt  be 
high-water  nntil  some  hoiire  after  the  moon  had  passed  the 
meridian.  Yet  another  circiirTi«laneo  intcrfci'eit  with  thu  froo 
motion  of  the  wator  ^  nanielj*.  the  islands  and  coiitinouts. 
ThE«e  deflect  the  tidal  wave  from  its  conrsc  in  snch  a  wtiv  lliat 
it  mav,  in  some  cases,  be  many  hours  behind  its  time,  or  even 
a  whole  day.  Somcttm&e  two  waves  may  meet  oac-h  other, 
and  raise  an  extraoi'dinai'ity  high  tide.  At  other  times  tlio 
tides  mav  iiave  to  run  up  a  long  hav,  where  the  motion  of  ft 
long  ma»«  of  watvr  will  cause  an  enormous  tide  to  be  raised. 
In  the  Hay  of  Finidy  both  of  ihc*c  causes  am  comhinvd.  A 
tidal  wave  coming  np  the  Atlantic  coast  meets  the  ocean 
wave  from  the  oast,  and.  entering  the  hav  with  their  com* 
bincd  foroc.  the  water  at  tlic  lienrl  uf  it  is  forced  up  to  the 
height  of  sixty  or  seventy  feet,  on  the  principle  sceti  in  tlto 
hydraulic  ram. 

Tho  sun  produces  a  tide  as  well  as  the  moon,  the  force 
which  it  exerts  on  the  two  sides  of  the  earth  being  tlio  same, 
whicli,  acting  on  tlie  equatorial  protiibci-ance  of  the  cartb, 
prodnceu  procession.  The  tide-producing  force  of  tho  stm  U 
about  -fj,  of  that  of  the  moon.  At  new  and  full  moon  tho  tvo 
bodies  unite  tlioir  forces,  and  the  result  is  that  tlie  ehb  and 
flow  tire  greater  than  the  ftvcrtige,  and  n-c  have  the  "  spring- 
tides.''   When  the  moon  is  in  her  first  or  thiixi  quarter,  tlie 
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'two  forces  act  tigsinst  eat:li  otiier;  the  tide-producing  foi'oc  is 
the  dilTei-ence  of  tbe  two,  the  ebb  and  flow  are  less  than  Uie 

rvetage,  and  we  bftvo  tlio  "  nvap-tidce.^ 


&  Inequaiitiea  in  Om  ifotiom  of  lAe  Planets  prodtuxd  by  Oieir 
Mutual  Auraetion. 


Tho  profoondoet  qiic&tioii  growing  out  of  the  theorr  of 
gravitation  in  wbetber  all  the  incqnnlities  in  llie  uiotiou  of  tho 
moon  nnd  planets  admit  of  being  calculated  from  tlicir  iniit* 

»ual  siti-acliuii.     TLie  ([ii4!eliou  can  be  compk-lelv  answered 
only  by  aiiliiully  making  the  calculation,  and  seeing  whetlior 
tlie  resulting  motion  of  eauh  planet  Agrees  exfkclly  with  lb«t 
obecncd.     The  pmblein  of  rompnting  the  motion  of  ea«h 
planet  under  the  influence  of  tin-  attraction  of  all  the  ullioi'i 
H^  however,  one  of  ftiiuh  complexity  thai  no  complete  itmi  per- 
^"feet  eolation  has  ever  been  fonnd.     Srnted  in  its  most  general 
fonn,  it  is  08  follows:  Any  number  of  planets  of  wliich  the 
masses  arc  known  arc  projected  into  »pace,  tlieir  [>o«ition».  re- 
^vlocitics,  ftnd  directions  of  motion  all  being  given  at  soma  one 
Bntoment.     Thoy  are  then  left  to  their  mutual  atlmctions,  sc- 
^■cording  to  tlto  law  of  graviljilion.     It  is  rcijiiired  to  tind  gen- 
'eral  algubraie  forninlit;  by  which  their  position  at  any  time 
whatever  shall  bo  determined.     In  this  general  form,  no  aj> 
proiimation  to  an  entii-e  solution  Jibs  ever  Ik'mi  found.     But 
the  •>rbil«  described  by  tlie  plnncbt  around  tbe  f<un,nnd  by  tho 
J     fiatcUilcfl  around  their  ]irimarieH,  are  nearly  circular:  nnd  this 
Bcircumstance  nfTords  tbe  means  of  computing  the  theoretical 
^plaoo  of  the  planet  as  accurately  as  we  plcn«e,  provided  ilie 

rnecBwnry  labor  can  lie  Ixwlowed  njton  the  work, 
Wliat  makes  the  problem  so  complex  is  that  the  forces 
vhicb  act  upon  the  planets  arc  dcjicndent  on  their  motions, 
and  these  again  are  determined  by  tlie  forces  which  act  on 
them.  If  the  planets  did  not  attract  caeh  other  at  all,  tlie 
problem  oould  Iw  iMjrfeclIy  solved,  becanse  they  would  thea 
all  move  in  ellipsee,  in  exact  aceordancc  nntli  I^cplcrV  hitvs. 
Sn|^>oeing  them  to  inovc  in  cllijises,  their  {lositions  and  dit* 
taiices  at  any  time  could  be  expressed  in  algebraic  forniutat, 
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Riid  their  attmctionB  on  each  other  could  be  exproesed  iu  tlie 
Eaiiio  vrav.  but,  owing  to  tlieeo  \ery  nttmutioiis,  they  do  not 
move  in  cllijised,  ami  tiiercfora  tlio  foiiniilie  thus  found  will 
not  bo  strictly  correct.  Tu  |>ut  tliu  difficulty  into  a  iiut-gliell, 
the  gcoiitctvr  cunnot  etriolly  dutenuitio  tlio  tiiotioii  of  tlic  [>lftn- 
St  until  1)0  kuowa  the  Attractions  of  all  the  other  jikucte  on  il, 
and  he  CAniiot  dutcriniue  thcsu  withuut  tirel  knowing  the  [jom- 
tiun  of  tlio  ]ilanol,  that  i»,v,niJioiit  having  solved  hid  problem. 

The  question  how  to  gnrmoiint  theso  difliculties  has,  to  a 
greater  or  I«m  vxtont,  occiipiud  tho  attention  of  all  great  niatli- 
omalieianB  froni  the  time  of  Xewton  till  now;  and  altlioug 
complete  success  has  not  attcnJod  thoir  efforts,  yet  the 
vullous  accnmey  with  which  «un,  moon,  and  piniivis  move  IflM 
thoir  jii'e!r.(:rihed  orbi(»,  and  tJio  certainty  witli  wliivh  the  lawa 
of  variation  nf  those  orbits  through  countlcae  agce  )iaet  and  to 
conic  havu  been  laid  down,  *ho\v  that  tliuir  labor  ha«  nut  been 
in  vain,  Newton  could  atta^ik  t]ie  problem  only  in  a  geomet- 
rical way ;  ho  laid  down  diagrams,  and  showed  in  what  way 
tlm  forces  acted  iu  various  paits  uf  iho  orbits  of  tlic  two  plan- 
ets, or  in  various  (losiiions  of  the  sun  and  tnooii.  Uc  was  thus 
cnnttled  ta  show  how  the  altraciinu  of  the  sun  upon  Iho  moon 
vhangvE  the  orbit  of  llio  latter  aroniid  the  earth,  and  causce  its 
nodoM  to  revolve  fix>ni  ca«t  to  woct,  as  observations  had  shown 
Ihcm  to  do,  and  to  calculate  roughly  one  or  two  of  the  ittctinsl* 
itios  in  tlio  ntution  uf  tlio  moon  iu  her  orbit 

When  the  Continental  niathciuaticinns  wcro  fidly  convinced 
of  the  correctness  of  Newton's  tlieory,  they  immediately  at- 
tacked the  prubloni  of  plnnutaiy  motion  with  an  energy'  and 
talent  whidi  placed  them  uhead  of  tho  mt  of  the  world. 
Thoy  saw  tho  entire  iiTsnfficiency  of  Newtou'a  geometric«1 
mclJiud,  and  the  iiecb«sily  of  iiaving  tho  forces  which  moved 
the  plaiiGta  oxpi-cssed  by  the  algebraic  mcihod.niid.by  a<to|it- 
ing  this  system,  were  enabled  to  go  far  ahead  both  of  Ncw^ 
ton  and  his  countrymen.  Tho  last  half  of  the  last  century 
wiis  the  Golden  Ago  of  innthemalical  astronomy.  Five  il- 
hiElnons  names  of  this  ]>eriod  onlshine  all  others:  Clairant, 
D'Alembcrt,  Eiilcr,  Lagrange,  and  Laplace,  all,  except  Euler, 
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Ftenob  bj  birlli  or  adoption.  Tlio  groat  u'orks  wlitcli  cloeed 
it  wore  ilic  ■'  Mwaiiiijiic  (.V'le*to"  of  I.ni>lm;e,  ftiid  tlio  "  Mw- 
cmiiqne  Aiialy tiqtio "  oE  La^nuigc,  which  embody  the  eub- 
BtaDce  of  all  that  wue  tliuii  known  of  tlic  subject,  and  fonn  llio 
basis  of  ncftrly  cvcryiliing  l)iat  ha^  Huice  been  Bciiiavod.  We 
Bhnll  bnetlv  tuention  Mine  of  the  results  of  tlioee  works,  and 
thoM  of  th«ir  siiccuisors  wiiiuh  may  intorcet  tho  iion-inBlho- 
nutkkl  reader. 

p6rha})B  the  most  etrildDg  of  thcw  results  is  tbst  of  the  sec- 
nUr  i-ariutiuns  of  the  fhtnemr^-  orlilU.  (^pcinicn*  und  Kcji- 
ler  had  fonn<l,  bv  uonijiaring  the  plauetarv  orbits  sa  observed 
by  tliemselves  with  lliuso  of  Ftolcitiy,  that  tho  forms  and  ^a- 
tioits  of  ihtM!  orbiu  were  subject  to  a  slow  change  from  *xn- 
tury  to  oenlui-y.  The  iiDQiediale  Buccessors  of  Kewtoii  were 
able  to  tra<»  tliis  cbangu  to  tlio  mutual  aolion  of  tlii;  planets, 
and  tliiia  aroeo  the  important  question,  Will  it  conliniie  for- 
ever }  For,  should  it  do  so,  it  Avonid  end  in  the  uliimale  &nb- 
vef»(m  of  the  solar  sysloni,  and  the  dciiti-nvtioii  of  all  life  cm 
our  globe.  The  ort>it  of  the  earth,  as  well  as  of  tlie  other  i>lnn- 
et»,  would  bn:omc  so  eccentric  that,  approacliitig  near  the  situ  at 
one  time,  and  receding  for  from  it  at  another,  tlic  \ic-issitude« 
of  temiMMature  would  be  insnpiiortjibie,  Tjigrantte,  howovor, 
was  enabled  to  show  \>j  a  niniliemalical  demonstration  tlmt 
these  changes  uxre  duo  to  a  regular  Bi|-«tem  of  oscillations  ex- 
tending thnjiighout  the  whole  plnnctary  nj-steni,  the  )K>nod#  of 
which  were  so  immensely  long  that  onlj  a  progreftsive  motion 
could  bo  perceived  during  all  the  timo  that  men  had  observed 
the  planets.  The  number  of  these  combined  ofcilliiiions  is 
equal  to  that  of  the  planets,  and  their  [leriods  range  from 
60,000  ycara  all  tlio  way  up  to  3,000,000— ''O rent  elouks  of 
eteroity,  which  beat  ages  as  onrs  heat  eeconds."  In  conse- 
quence of  tbcM  oscillatioiw,  the  perihelia  of  the  planols  will 
toro  in  every  directton,  and  the  orbit*  will  vary  in  eoecnti-icity, 
bot  will  never  become  so  eccentric  as  to  disturb  the  regolarity 
of  the  system.  About  1S,000  years  ago,  tho  eccentricity  of  tho 
earth's  orbit  was  about  .019;  It  has  been  diminishing  ever 
une^  and  will  contioao  to  diminish  for  25,000  yeaiB  to  come, 
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when  it  vrill  bo  more  iieorl;  n  circle  than  tny  orbit  of  oiir  s^ 
tcin  now  is. 

Some  of  the  tiueetionB  growing  out  of  tbc  moon's  motion 
arc  not  completely  tvitled  ,vet.  Earlv  in  tlie  ln»t  century  it 
was  found  by  Ilalley,  from  a  comparison  o£  ancient  ccUpsea 
with  modern  obeen'aliuns  of  tlio  moon,  tliitt  our  eatellito  was 
Kccelvrntinj;  ber  motion  around  tlie  eartli.  Slie  u-n»,  in  fKct, 
about  a  degree  ahead  of  whei-o  elio  ought  to  have  been  had 
hor  motion  boeu  uniform  from  the  lime  of  Hip[nrcliits  and 
Ptolemy.  The  exinteiice  of  thia  acceleration  was  fully  cetab* 
lished  in  tlie  time  of  Logrango  and  Laplace,  and  was  to  tliem 
a  source  of  great  perplexity,  because  thf.-y  liitd  voitccircd  tbom^ 
selves  to  have  stiown  matliematically  tliat  the  multinl  attraiy^ 
tions  of  the  planets  or  satellitee  could  never  accelerate  or  re- 
lard  their  mean  motions  in  (heir  orbile.  and  thus  the  motion 
of  the  moon  seemed  to  be  affected  by  some  otiiei'  fi>rce  than 
gravilation.  After  several  \-ain  attempts  to  account  for  the 
motion,  it  was  found  by  Laplaco  that,  in  conecqnencc  of  the 
secular  diminiiliuu  of  iho  eccentricity  of  tlie  i-anh'«  orbit,  tlio 
action  of  the  huh  oh  tlie  nioou  was  progressively  changing  ii|l 
snch  a  manner  as  to  accelerate  its  motion.  Computing  the 
amount  of  the  acceleration,  he  found  it  to  bo  about  10  e«o- 
ondn  in  a  century,  and  ita  action  on  tlio  moon  being  like  that 
of  gravity  on  a  falling  body,tlio  total  effect  would  increase  m 
the  square  of  the  time ;  that  i»,  while  in  one  century  tho  mooD 
would  he  10  Rcoond»  ahead,  in  two  ceiitaries  she  would  bo  40 
Eeconds  aliead,  in  three  conturJos  90  seconds,  and  so  on. 

Thi»  result  agreed  so  well  with  the  oUervcd  acceleration, 
as  determined  by  a  comparison  of  ancient  eclipses  with  mod* 
em  data,  that  no  one  doubted  ite  coiTCctne««  till  long  after 
time  of  Ijiptace.  Rnt,  in  1853,  Mr.  J.  C  Adam^,  of  England) 
celebrated  as  one  of  the  two  matliematicians  who  had  calcn- 
liited  the  position  of  Neptune  from  the  motions  of  Uranns,  nn- 
dertootc  to  recompute  the  cffec^t  of  tlie  ^'ariation  of  tlie  eartli'a 
eccentricity  on  the  moan  motion  of  tlio  inoon.  Uo  waa  snr- 
prised  to  find  that,  carrying  his  procetw  farther  thiin  Ijiplaco 
iiad  done,  tho  effect  in  qnestion  was  reduced  from  10  Eecondgi, 
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tlie  reenit  of  Laplace,  to  6  Beoonde.  On  the  oilier  hand,  the 
further  cxainiDatioii  of  aticieiit  mid  modem  Qbecrvations 
Komcd  to  »h<iw  that  the  nvvclemtion  lu  given  by  them  was 
even  greater  tlisn  tliat  fonnd  hj  Laplace,  being  more  nearly 
13  seconds  thftii  10  seconds;  that  i»,  it  was  twice  as  great  as 
that  comimted  by  Mr.  Adams  from  Uie  tlieorv  of  giiivitatioii. 

The  aniiouQcemetit  of  this  resnlt  by  Mr.  Adams  was  at  tirst 
received  with  8tir{iri$e  mid  incredulity-,  and  led  to  one  of  the 
moat  remarkable  of  ficientitic  discnseioiis.  Three  of  tlie  great 
astronomical  matlicniaticiaiis  of  the  day — Hansen,  Plana,  and 
Do  Pont6coiilant  —  disputed  the  oontictiicm  of  Mr.  Adams's 
resnit,  and  maintained  that  that  of  I^placo  waa  not  affected 
with  any  sneli  error  as  Mr.  Adams  liad  found.  In  fact,  Uansen, 
by  a  method  entirely  different  from  that  of  his  predcocHore, 
had  fonnd  a  rcHult  of  12  seconds,  which  wiu  yet  larger  than 
that  of  Laplace.  On  the  other  hand,  Dolaunay,  of  Paris,  hy  a 
now  and  itigenioii>>  method  of  liis  own,  found  a  i-c«iilt  agreeing 
exactly  witli  Mr.  Adams's.  ThoEs  the  live  leading  experts  of 
the  day  wore  divided  into  two  parties  on  a  pnrely  mathemat- 
ical tiue«tion.  and  ecveral  yeare  were  required  to  settle  llio  dis- 
pute. The  majority  had  on  (heir  side  not  only  tlie  facts  of 
obiervation,  so  far  as  they  went,  but  the  authority  of  Laplaoe; 
and,  if  the  qnestion  Miitd  have  been  settled  either  by  obEcrm- 
tlon  or  by  authority,  they  miifrt  have  carried  the  day.  But  tlio 
problem  was  altogether  one  of  puro  mathematics,  depending 
on  tho  computation  of  the  effect  which  the  gravitation  of  the 
eon  ought  to  pi-odiice  on  tlio  motion  of  the  moon.  Rotli  par- 
ties were  agreed  as  to  tho  data,  and  but  ono  correct  result  was 
possible,  eo  tliat  an  ultimate  decision  ooiild  bo  i-caclicd  only  by 
calculntion. 

The  decision  of  snch  a  question  could  not  long  be  delayed. 
There  was  really  no  agreement  among  the  majority  as  to  what 
the  supposed  error  of  Mr.  Adams  conaieted  in,  or  what  tho  ex- 
act matlienutlical  cxpivstion  for  tlie  moon's  acceleration  was. 
On  the  other  hand,  Mr.  Adams  showed  conchiMvely  tliat  the 
methodsof  Do  Pouti^coulant  and  Plana  wore  fallacious;  and  the 
more  profoundly  die  qnettion  was  examined,  tlie  more  evident 
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it  became  Ui«t  Iw  wu  right.  AEr.  Cayl«v  mule  a  compotstioQ 
of  liie  result  by  a  new  mctliod,  And  Dclnuuav  bj  yet  anotliet 
method,  and  both  agreed  with  Mr.  Adam&V.  Although  their 
aolagoniste  never  fonnally  eiirruudcred,  tltoy  tacitly  abandon- 
ed the  tleld,  leaving  l>elftunay  and  Adain«  in  its  undisturbed 
poQoeaion.* 

It  was  tlitK  ooncloeivcly  (ottlcd  that  tlio  irno  value  of  the 
acceleration  vat  about  6",  the  last  value  found  by  Delaunaj 
being  6".18l  Hiis  result  was  only  about  half  of  that  whidi 
bad  been  derived  from  tlio  ob«crvntioi)»  of  nncicnt  eclipse*,  lo 
that  tiiero  appeared  to  be  a  di>cre]>ancy  bciweeu  the  observed 
and  the  theoretical  acculcmtioii,  tho  caut«  of  which  was  to 
be  investigated.  A  po««iblc  catuc  happened  to  be  already 
known :  tlie  friction  of  the  tidal  wave  must  oouBtatitly  rctatd 
the  diomal  motion  of  the  earth  on  its  axiii,  though  it  is  impoe- 
•iblo  to  My  how  mndi  this  retardation  may  amount  to.  XIm 
consequence  would  be  ihnt  the  day  would  gradually,  but  un> 
oeasingly,  increase  in  lengtli,  and  our  count  of  lime,  depend- 
ing on  the  day,  would  bo  always  getting  too  slow.  The  nHion 
would,  therefore,  ap)<car  to  bo  f^oiiig  faster,  when  really  it  waa 
only  the  earth  which  waa  moving  niore  slowly.  So  long  at 
theory  had  agreed  with  tl>e  obeorvod  acceleration  of  tlie  moon, 
there  tiad  been  no  need  to  invoke  tliis  cause;  but,  now  that 
there  was  a  differenoe,  it  afforded  the  modt  jilau^ible  explaiin- 
tion. 

Thus  die  tlieory  of  tho  Bnbject  is  tlint  there  is  an  undoubted 
real  acceleration  of  6".18,  and  an  additional  apparent  acoel- 
eifttion  of  a  few  ecuonds,  due  to  the  tidal  retardation  of  the 
eartli's  rotation,  tlte  amotmt  of  which  can  be  found  only  by 
comjMiring  the  motions  of  the  moon  in  different  centime 
The  iiliceiico  of  precise  obeervations  in  ancient  times  rondeia 
thk  determination  difficult  and  uncertain.  The  ancient  rec- 
ords which  have  been  moat  relied  on  are  tho  narratives  of  snp- 


*  Tbo  wriler  h*i  i«Mon  to  lid>e<«  il  ui  biitoricnl  bet  thai  IIniiMn,  on  nrldn 
hii  own  ulcnUtiaii^  and  Intluitinj:  lermi  lio  at  Dnt  BUppiHrd  to  bo  inwniiUa,1 
fuimd  that  he  wonH  bo  lad  tnliiuiniiiUI/  to  ibe  iteull  of  Aikmi,  nllhongb  bt ' 
aerer  mmle  wrj  famul  pnblifoiion  or  tbi*  boL 
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posed  total  ecltpeee  of  the  siin.wliicli  Imvo  been  )ian<]ecl  down 
to  ns  b}'  the  <^rvcl(  and  KoitiKU  clftwtonl  writvni.  Tlie  iut»t 
ancient  and  celebrated  of  thcoe  eclipses  is  asHOciated  witli  tlia 
name  of  Tbalu«,  tho  Ionian  pliiloisoplicr,  onr  knowlediw  of 
wliidi  in  derived  from  tlic  foliuwiit;;  nucount  by  Herodotus : 

"  Now  after  tbU  (for  Alj-attes  did  not  b;  any  nieaiia  sur- 
retider  tbe  Scythiun«  at  the  di-mand  of  Cyuarea)  tbero  vaa 
war  betveen  tlie  Lydiana  aiul  iliv  Mcde»  for  ilic  apace  of  tite 
yeare,iu  which  [period]  the  Mcdee  often  coiiqiiered  tlie  Lydi- 
MM,  and  the  Lydians,  iu  turn,  the  Mvdcs.  And,  in  this  time, 
tliey  hIm  hod  a  night  engiigcmeiit ;  fur  as  they  ytvm  pmtract- 
ttig  the  war  with  equal  snecees  on  each  aide,  in  a  battle  tliat 
oocnrred  in  tho  sixtii  yoar,  it  happened,  as  the  annicH  en- 
gkf^,  that  tl)C  day  wa«  siiddonly  turned  into  ni»ht.  2s'ow 
tliia  change  of  the  day  [into  night]  Thales,  the  Uilesian,  had 
predicted  to  tho  loniane,  pkciiig  as  tho  limit  of  the  period 
[within  which  it  u-oiild  tuko  place]  tliis  very  year  in  which 
it  did  netnally  occnr.  Now,  botli  tlie  Lydians  and  Uie  Uede*, 
whcu  they  eaw  night  coming  on  iiibtvad  of  day,  ccasod  from 
battle,  and  both  parties  wcix}  more  eager  to  make  pcaoe  with 
eocti  nUier.*' 

If.  in  tin's  caw,  we  knew  when  and  whoro  the  battle  irtt 
fonght,  and  if  we  knew  that  the  darkneta  referred  to  was 
really  titat  of  n  tolnl  eclip«e  of  the  enii,  it  would  be  easy  to 
eotnpnte  ^'ery  nearly  what  miiHt  have  I>evn  the  conrw  of  Uie 
moon  in  order  that  the  dark  shadow  might  have  passed  over 
tho  field  of  battle.  But,  to  tho  reader  wlio  reflects  npon  tlie 
nncritical  character  of  Ilcrodotnv,  tho  vaguetwea  of  his  dettcrip- 
tion  of  tlic  ocenrrence  will  eu^^iist  some  snapicions  whether 
we  hare  really  ft  total  eclipse  to  deal  with.  Besides,  tho  time 
when  the  battle  wns  fonght  is  doubtful  by  twenty  j-eiii«  or 
more,  and  the  only  way  in  whicti  it  baa  been  fixed  ia  by  cal- 
culating from  the  tables  of  tho  sun  and  moon  all  the  tot^ 
eclip«ea  which  paased  over  the  r<^ion  in  whieli  the  battle  took 
place  between  tlie  admissible  limits  of  time.  Tbns,  it  is  foimd 
Ithat  tin  only  date  which  will  fulfil  tlie  conditions  is  Hay  SStli, 
Bij.  684,  wlien  there  must  have  been  a  total  uclipnc  in  A*is 
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lliiior  or  its  neighborhood.     But,  utileea  we  Bnppose  that  il 
n-as  i-oally  a  tottU  eclipse  ivlticli  vautcd  tlio  battle  to  cease, 
nothing  can  be  oonclnded  i«&{>ecting  it;  iind  &«  this  ]M)nt 
seems  nuoei-tain,  it  is  not  likcl}*  tfiat  astronomera  vill  lay' 
iiiiivh  sti'UES  upon  it. 

Atiothor  celebrated  euli|>ee  of  the  8iin  ii  known  a$  tI>B 
eclipse  of  Agatlioclcs.  Tlio  ficct  o£  this  commander,  beinj; 
bloukndcd  in  the  port  of  Syracuse  hy  tlie  Curthagiiiians,  was 
enabled  to  escape  to  sea  at  a  moment  when  tlie  attention  of 
tb«  enemy  was  diverted  by  a  provision  convoy,  and  sailed  10 
make  a  descent  upon  Cai-iJiage.  "  Tlie  next  day  tlicio  was 
such  an  echpee  of  the  sun  tliat  the  day  wholly  put  on  tli* 
appearance  of  niylit,  Btars  being  wen  everywhei-e,"  Thei«  ie 
no  ["ettionablo  doubt  that  this  huh  u  total  eciipse  of  the  sun, 
and  the  date  is  well  established,  being  Angii»l  Htli,  ilc  300, 
But.  unfortunately,  it  is  not  known  whether  Agnlhoclee  went 
to  the  north  or  the  sontli  of  Sicily  in  his  pnfeage  to  Car- 
thage, and  hence  we  caimot  obtain  any  ociluin  rc«iilt  from 
thia  eclipse. 

Tliesu  historical  accounts  of  total  celipRCB  being  uncertain, 
an  attempt  has  been  made  to  derive  the  nioon'a  aoocloi-alion 
from  the  ecli|»e8  of  the  moon  recoi-ded  by  Ptolemy  in  tho 
Almagest,  and  from  the  obeurvations  of  tJic  Arabian  astrono- 
mers in  tlie  ninth  and  tenth  eentnrie«.  TlicKe  observutioiM 
Agree  OS  fairly  as  could  be  expected  in  aseigning  to  the  moon 
a  Koular  acceleration  of  aliout  ii"A,  a  litllu  nioi-o  tlian  3" 
greater  than  that  computed  from  grftvitation.  On  the  other 
hand,  if  we  accept  the  eclipse  of  Tlialee  ne  total  where  the 
battle  waa  fought,  tlio  total  acceleration  will  bo  about  IS",  eo 
that  tho  two  results  aro  entirely  incompatible.  The  question 
wliidi  19  correct  must  be  decided  by  fntnre  investigation;  but 
tho  author  believes  the  Binaller  value  to  bo  foimdcd  on  the 
more  tnistwortliy  data. 

Tho  fecvitlar  accclerarion  \*  not  the  only  varinlion  in  the 
moon's  mean  motion  which  has  perplexed  tho  matlieinatieluit. 
About  the  cloee  of  tho  loet  century,  it  va>  found  by  Laplace 
tliat  tho  moon  had,  for  a  number  of  years,  been  falling  behind 


IXEQUAUTrES  /.V  TBE  itOTlON  OF  TBS-HWilf.        101 


^ 
^ 
h 


her  calenlated  place,  a  result  wliidi  »cciiied  to  8li6;v  ibiu  there 
was  BOine  oscillation  of  long  period  which  had  been  o\-ui'JDoked. 
lie  made  two  coitjcctural  oxpl&tiutions  of  this  iDOqtiaUty.'hnt 
both  were  ciiijuoved  bj-  aubseqiieut  inveetigatorv.  Tlie  ques- 
tion, therefore,  remained  without  an;  eatiefactory  solution  t{II 
1846,  when  ilanscn  announced  that  tha  atti-acttou  of  Venus 
prodnced  two  iiiefjualilit^  of  long  period  in  the  moon's  mo- 
tion, which  liad  been  prev-ioiisly  overlooked,  and  that  these 
fully  acvoiinicd  for  the  observed  deviations  of  the  moon's  po- 
ution.  These  terms  were  recomputed  by  Belftunny,  and  he 
foond  for  one  of  them  a  result  agreeing  very  well  with  Han- 
■enV  But  the  wcoud  came  out  ho  »mall  tliat  it  cuiild  never  be 
detected  from  observations,  so  tliat  hei-o  was  another  mathe- 
matical diecrepancy.  Thwo  was  not  room,  howovor,  for  much 
dbonsMOli  this  time.  Ilnnacn  himself  admitted  tliat  he  had 
been  unaMo  to  dciennino  llio  amount  of  this  inequality  in  a 
eatisfuctory  manner  from  the  tlieory  of  gravicuiiun,  and  Euul 
therefore  mode  it  agree  with  observation,  an  cmpiricnl  proco^ 
which  a  mathematician  would  never  adopt  if  ho  could  avoid 
tL  Even  if  obrmrvations  were  tliu»  »atintied,  doubt  would  still 
remain.  But  it  has  lately  been  found  that  tliia  empirical 
term  of  Hansen's  no  longer  agreiis  with  obscrvatiun.  and  that 
it  does  uut  satisfactorily  agree  with  ol^nervjiuonit  before  ITOO. 
In  oonscqucnoe,  there  are  still  slow  changes  in  the  motion  of 
onr  satellite  which  gravitation  has  not  yet  aceoiuilud  fur.  Wo 
are,  apparently,  forced  to  tlie  couclusion  either  that  ilic  motion 
of  the  moon  is  influenced  by  some  other  cause  than  tlio  gravi- 
tation of  the  other  heavenly  bodies,  or  thut  these  inequalitica 
are  only  apparent,  being  really  due  to  small  changes  in  the 
earth'a  axial  rotation,  and  in  the  consequent  length  of  tlio  day. 
If  we  admit  tlie  hitler  cxplniiation,  it  will  follow  tliat  the 
earth's  rotation  is  iutliieneed  by  some  other  cause  than  the 
tidal  friction ;  and  that,  instead  of  decreasing  uniformly,  it  va- 
ries from  time  to  time  in  an  in-c^nlnr  manner.  Tho  observed 
inequalities  in  tl>e  motion  of  the  moim  may  be  fully  accounted 
for  by  clianges  in  t1io  earth's  rotation,  amounting  in  tlie  ag- 
gregate to  half  a  minute  or  so  of  time — changes  wliich  could 
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■''':"'  ' 
be  delcch^  1)y  a  jK-rfcct  dock  kept  f;otng  for  a  iiiiiiiIht  oi 

vcara:.'/  Uni,  (U  it  lakc^  inaiiv  veare  for  thew  cliAiigeA  to  oixur, 

no'fhtiilc  jet  made  will  dc(e<;t  thctn. 

*.,  Vet  sDOthiT  cli«iige  not  c-ittircly  acooiint«d  fur  on  ilte  tlto- 

.•'\Vy  of  gravitation  occiira  in  the  iiiolioii  of  the  planet  Mercury. 

,*^';-Trom  a  discnssion  of  all  tlio  obecrrod  tmiisit^  of  tins  |>lanet 

•**     nvTom  t]io  di»k  of  the  sun,  I^icrnvr  has  found  tliat  the  mo- 

Iton  of  the  )>erihelion  of  Memiiry  is  about  4U  scL-ondii  iu  a 

century  grc«tor  than  that  computed  ftx>in  the  gravitation  of 

the  other  ptanota.     This  ho  nttnbntest  tu  the  action  of  h  group 

of  small  planets  between  Mercnry  and  the  nun.    In  tlii^  form, 

however,  the  explanation  ia  not  entirely  Bati&fnvtor}-.    In  llta 

first  place,  it  6«cms  hardly  possible  tliat  envh  ii  ^roiip  of  plaii- 

cl«  eoiild  exist  wiiliotit  being  detected  during  total  eclijiMM  of 

tlie  snn,  if  not  at  other  times.    In  the  next  plai-c,  granting 

Uiem  to  cxiHt,  they  mn^t  prodiiee  a  secular  variuttoti  in  tlw 

position  of  the  orbit  of  Mercury,  whci-eas  this  variation  iccilM 

to  Agree  exactly  with  llieory.     I^ren-icr  ex])Iains  thi«  by  sup* 

poking  the  group  of  aetcmide  to  l»e  in  the  same  piano  with  t!ie 

orbit  of  Mercnry,  bnt  it  w  cxccodin<;iy  inipmbable  that  enoli 

a  group  voald  be  fonnd  in  tliia  plane.    There  is,  however,  an 

allied  explanation  wliich  is  at  least  worthy  of  oonsideration. 

The  phenomenon  of  the  zodiacal  light,  to  be  d<.!scnbvd  hoiv- 

aftei',  ehowa  that  there  w  an  inimeniie  dittk  of  matter  of  some 

kind  Biirronndinp  the  sim,  and  extending  ont  to  the  orbit  of 

tlio  earth,  where  it  gradually  fades  away.     Tlic  natni'C  of  thit 

matter  l*  entii-cly  imknown,  bnt  it  may  consiat  of  a  swann  of 

minute  particles,  revolving  ronnd  the  eun,  and  reflecting  ila 

light,  like  planets.    If  tlie  total  mass  of  these  particles  is  oqnal 

to  that  of  a  very  «ma)l  planet,  say  a  tenth  the  mass  of  tin 

earth,  it  would  canse  tlie  obeen-ed  motion  of  the  perihelion  of 

Mercury.     The  evidence  on  this  subject  will  bo  considered 

more  fnlly  in  treating  of  Mercury. 

With  the  exceptions  jnst  described,  all  the  motions  in  l]« 

eolnr  system,  «o  far  as  known,  agrao  perfectly  with  tlic  i-csult 

of  the  tlieory  of  gravitation.    The  little  imperfections  whiel 

Btill  exist  in  the  astronomical  tables  Boein  to  proceed  main! 
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i>m  errors  iti  tlie  datn  from  whicli  llie  mntliomRticmn  iniitt 
■tart  ill  com{iuting  llie  tnoCion  of  any  plotict.  Tlio  time  of 
revolution  of  &  pl&uct,  the  ctwontricity  of  its  orbit,  the  position 
of  iu  (lerilielidi),  iitid  its  place  io  the  m-hit  iit  &  ^iscn  tiiiie,<.-nii 
none  of  them  l»e  computed  from  the  llieorv  of  gravitation,  lint 
mnst  bo  derived  from  ob«crvations  aJonc.  If  tlio  oheerv&tions 
were  sbsoliiteljr  perfect,  reanlts  of  any  degree  of  acviinioy 
(Muld  bo  obtained  from  them;  but  the  imperfections  of  all 
hittrittiicnts.  ntid  even  of  tJie  human  eight  it«clf,  prevent  ob- 
servations from  attaining  (he  degree  of  prcriiiion  songht  after 
bjf  tbo  thooivticu)  aelronumcr,  and  make  the  conHidciuliunF  of 
"errors  of  otMen'ition "  as  well  as  of  "errors  of  the  tables" 
WMUDtly  neceecarjr. 

%  7.  Relation  of  the  Planets  to  the  Stars. 

In  Chapter  I.,  §  3,  it  naa  stated  that  the  heavenly  bodies 
belonj^  to  two  ctaeecft,  the  one  comprising  a  vast  mullitudc  of 
•torSiWbicli  alwajs  presorrod  their  roklivc  po«ilionii,ft8  if  the; 
vera  sot  in  a  sphere  of  crystal,  while  the  others  moved,  eat-b 
in  its  own  orbit,  according  to  litws  which  tintc  been  ilwc-ril>i-d. 
We  now  know  thai  Utete  moving  bodies',  or  planets,  fmn  a 
sort  of  family  by  tliemsclvco,  known  aa  the  UtAnr  System. 
This  syetf  m  consists  of  the  sun  as  its  centre,  with  a  number  of 
primary  planetx  mvolving  around  it,  and  satellites,  or  sscond- 
ary  plaiieti),  revolving  aiimtid  tliem.  Ilefore  the  invention  of 
tlie  telescope  but  six  primary  planets  were  known,  inchiding 
the  eanli,  and  ouo  satellite,  the  moon.  By  the  aid  of  that  in- 
Btnnnent.  two  grcut  primary  planets,  ontsido  llie  orbit  of  Sat- 
nm,  and  an  immense  swarm  of  smaller  onee  betn'een  th«  or- 
bits of  Mars  and  Jnpitcr,  liavo  been  discovered;  while  tlio 
fear  outer  planets —  .Itijiiier.  Hatnm,  UrnniiK,  and  N'eptune  — 
are  each  the  t-entre  of  motion  of  one  or  more  satoHitcs.  The 
sun  is  dislingiiislicd  from  the  planets,  not  only  by  bis  immonso 
mass,  which  iii  several  hundred  timc«  that  of  nil  the  other  bod> 
in  of  his  system  combined,  bnt  by  the  fact  that  he  shines  by 
his  own  light,  while  the  planets  and  satellites  are  dark  bodie*, 
ahining  only  by  reflecting  lh«  light  of  tlie  ^nn. 
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A  reinftrkftble  symmetiy  of  atraotiiro  Is  t«en  in  thi«  AjTBtem, 
iu  that  all  tho  largs  planets  and  all  the  satellites  revolve  id 
orbits  which  Arc  nearly  circular,  and,  the  satellite*  of  ttic  two 
outer  planets  excepted,  nearly  in  the  same  plane.  This  family 
of  pluuciB  arc  uU  bound  tugclher,  and  kept  cadi  in  its  I'espec- 
live  orbit,  by  tlie  law  of  gravjiation,  the  action  of  which  m  of 
such  a  nnlmo  that  each  planet  may  make  c-oiintlces  revolutions 
without  the  Ktnietnn:  of  tliii  HVHtein  nndcrgoing  any  change. 

Turning  onr  attention  from  tliie  (system  to  the  tliousunds  of 
fixed  stat«  which  etnd  t}ie  heavens,  the  fii'et  thing  to  he  consid- 
ered is  llicir  enurinouit  distance  ntunder,  compared  witli  tlto 
dinieiisions  of  the  eolnr  system,  tliongh  tlie  latter  are  theio- 
Bolves  inconcciviibly  great.  To  give  an  idea  of  the  relative 
distances,  Buppo«o  u  %'oyiiger  Ihtoiigh  the  celestial  iipace«  conid 
travel  from  the  sun  to  tlie  outermost  planet  of  onr  s,^-!9leIn  in 
twenty-four  houre.  So  enormous  would  l»o  his  velocity,  that  it 
wonid  carry  him  across  tho  Atlantic  Ocean,  from  Now  York 
to  Liveriwol,  in  leet  than  a  tenth  of  a  second  of  tl>o  clodc. 
Starling  from  the  sun  with  this  velocity,  ho  wonld  cross  the 
orbits  of  the  inner  planets  in  rapid  succession,  and  tho  onter 
ones  more  t^luwly,  until,  at  the  end  of  a  single  day,  ho  would 
read)  the  confines  of  oursystem,  eroding  the  orbit  of  Neptima 
But,  though  he  passed  eight  planets  the  firet  day,  he  would 
pass  none  tlio  next,  for  ho  would  have  to  journey  eighteen  or 
twenty  yeniti,  withont  diminution  of  6]>eed,  before  he  wonld 
reach  the  neaix«t  star,  and  would  tlien  have  to  continue  his 
jonrncy  ae  fnr  again  before  ho  could  rcacrh  anothci'.  All  the 
planets  of  onr  system  wonld  have  vanfshed  in  the  distance,  in 
the  conrso  of  tho  first  tlii-eo  days,  and  the  sun  would  be  hut  an 
in»ignilicKnt  star  in  the  firmament.  Tho  conclusion  is,  that 
onr  sun  is  one  of  an  enormous  number  of  self-himinous  bodies 
ecAttcitKl  At  such  distances  that  years  wonUl  bu  required  to 
traverse  the  space  between  them,  e\*on  when  the  voyager  went 
at  the  rate  wo  have  siipiiosed.  Tlie  solar  and  the  stellar  sys- 
tems thus  offer  ni>  two  distinct  tictds  of  inquiry,  into  which  we 
almll  enter  after  describing  the  instruments  and  methods  by 
which  they  are  investigated. 


PART  II.~PRACTICAl  ASTROKOUY. 


INTUODUCTORY  KEMAUKS. 

Should  tlie  reader  ask  utiat  Piiicttcnl  AstroROinr  is.,  tlie 
beet  aoEwcr  ntiglit  be  givun  him  by  a  etatcmvut  of  ono  of  iu 
opcnitiouit,  showing  how  cniinontly  pntctivn)  our  science  i». 
"  Place  an  astronomer  on  board  a  sliip ;  blindfold  him  ;  carry 
him  by  any  routo  to  auy  uccaii  on  the  globe,  whether  uudur 
tite  troiiii.'A  or  in  one  of  the  frigid  xoiies;  land  him  oti  the 
wildeet  rock  that  can  bo  found;  reuiove  hia  bandage, and  give 
biin  a  chronometer  rL-guIatvd  to  GrocDwich  or  Wiuhiiigton 
tttac,  a  transit  insirumeiit  with  Uie  proper  a)>(>)iniK;e»,»iid  the 
necessary  books  and  tables.,  and  in  a  Btiigle  clear  night  he  can 
tell  his  poeition  vritliin  a  hundred  yards  by  observations  of  tlie 
stars."  Tlii»,  frt>m  a  nlihtarian  )H>int  of  view,  i«  ono  of  tile 
nioM  important  operntioiu  of  PraciienI  Astronomy.  When  wc 
travel  into  regions  littlo  known,  whetlicr  on  the  ocean  or  on 
Ilie  Western  plains,  or  when  we  wieh  to  make  a  map  of  a 
coniitry,  we  ham  no  way  of  linding  onr  position  by  rcforenco 
to  Icrretlrial  object*.  <)ur  only  coiirw  is  to  observe  tlie  heav- 
eiH,  and  tind  in  what  point  the  zenith  of  our  place  inter»ecu 
thfl  celestial  sphere  at  »omo  moment  of  Orccnwich  or  Wash- 
ington time,  and  then  the  problem  is  at  onoc  «otved.  Tlie  in* 
etrumenta  and  methods  by  which  this  is  done  may  also  be  ap- 
plied to  cdesdal  measurements,  and  thus  we  havo  the  art  and 
•Rtence  of  Practical  Asli-onomy.  To  speak  more  generally. 
Practical  jVetrononir  consists  in  the  description  and  inveettga- 
lion  of  the  instruments  and  mcttiods  employed  t>y  astronomers 
in  the  work  of  exploring  and  measuring  tiio  heavens,  and  of 
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determining  positions  on  the  earth  by  observations  of  the  heftv* 
enly  bodies.  Tho  gouciitl  coiittniction  uf  Uioeu  inHtruinents, 
and  the  Ivudhig  princii'les  wliicli  underlie  tlicir  ii»e  nnd  cid- 
ploymcnt,  can  be  exphtinod  witli  tho  aid  of  a  few  technical 
terms  which  we  shall  define  as  wo  lisvo  occasion  for  them. 

Tlic  iiistrunicntx  vinploycd  by  tim  aucient«  in  eclostial  ob- 
tervAtiuna  were  bo  few  and  sinijilo  tliat  we  may  dispose  of 
tliora  very  briefly.  The  only  ones  wo  iiood  mention  at  i>rcs- 
cnt  are  tiic  ^loiiiou  and  tho  astrolabe,  or  iinniUury  sphere. 
Tlie  former  was  little  mora  tliaii  a  large  snn-dial  of  the  sim- 
plest conelriietion,  by  which  the  altitudv  nnd  position  of  tho 
sun  were  dctcrniinud  from  tlie  len);Ui  and  direction  of  the 
shadow  of  an  npright  pillar.  If  the  snn  wci'e  a  [>oinI  tn  tite 
sight,  this  method  would  admit  of  considerable  accumcr,  be- 
causo  the  shadow  wonld  then  be  shari)ly  dclinod.  In  fact,' 
however,  owiu^  to  the  apparent  size  of  the  solar  disk,  tlie  shad* 
ow  of  any  object  at  the  clistance  of  a  few  feot  becomes  ill-de- 
lined,  shading  off  eo  gradaally  tJiat  it  is  hard  to  say  whei-e  it 
eiid».  No  approach  to  accuracy  can  tlicrcforo  be  attained  by 
the  gnomon. 

Notwithstanding  the  rudeness  of  this  instrnmcnt,  it  seer 
10  havo  been  tho  ono  univcreally  employed  by  tho  ancioiitt' 
for  tlic  dotermiuation  of  tho  times  when  the  snn  reached 
the  equinoxes  and  solstices.  The  day  when  the  shadow 
shortest  marked  the  summer  toktice,  and  a  coinparieoa 
Uio  length  uf  the  shadow  with  the  height  of  tlie  ntyle  gav 
by  o  trigonometiic  calculation,  the  altitude  of  the  sun,  Tli« 
day  when  tlie  shadow  was  longest  marked  the  winter  solstice;' 
and  the  day  when  the  altitude  of  tho  turn  vtnA  midway  between 
tlte  allilndea  at  the  two  solstices  marked  the  eqninoxes.  Thus 
this  rude  instrument  served  the  purpose  of  determining  the 
length  of  the  year  with  an  accuracy  fttiflicicut  for  the  purposes 
of  daily  life.  lint  so  immensely  superior  are  our  modem 
methods  in  accuracy,  that  the  astronomer  can  to-day  compute 
tlie  position  of  tlte  sim  at  any  hour  of  any  day  SOOO  yenn  ago 
with  far  greater  accuracy  than  it  oould  have  been  obscri'cd 
with  a  gnomon. 
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The  armilUr}-  ephero  eotisistotl  of  n  combination  oE  tbreo 
circlos,  one  of  which  conld  be  xet  in  tlie  {>la[ic  of  die  mjualor 
or  tlio  ecliptic;  that  is,  an  arm  moving  around  thi^  circle 
would  alwavB  point  towurdit  somo  part  of  tho  eqnator  or  tbo 
ecliptic,  according  to  (lie  waj'  the  instrument  was  ect  The 
circle  in  question,  being  divided  into  degi-eai,  nerved  tlic  pnr- 
poee  of  meaeuring  tho  angular  distance  of  any  two  Ijodies  in 
or  near  the  ecliptic,  a.*  tlie  8tii>  and  tnoon,  or  a  »t&r  and  planet. 
It  was  by  flueh  measures  tliat  Hippatrchii«  ikiid  Ploleniy  were 
able  to  determine  tho  larger  inequalities  in  tho  motions  of  tlie 
sun,  moon,  and  planets. 


n  t 

■irr  *pb«n.  u  d<»nllK>r1  b/  riotintr.  and  oMdbrtlln  and  hr  1'PI">'*Uli 
fidntc  Bl  li  HI  In  ilic  plrnDn  o(  Utn  Mllpllc  Iho  lliiii  FF  btlog  dlractril  t'lirnnla  lu 
pnb.  Tta«  drck  AjiUp  [»»H*  Ituonsti  ihr  prAtf  nt  bolb  Uii  Kllpllc  mwl  tliv  'itaatOT. 
T>»  liuwtp*ir  Kf  (iKlH  inm  an  ilw  «i<ii  PI*,  inil  «.xi  taiuliheil  irlib  •ii;lit>  >lilrh  mij 
br  •lln«Md«n  Om  ohJoM  to  M  obasmd.  Iliii  lilUuda  uil  lODgltutle  ulUui  oliJKt  an 
usu  ie>d  <it  bf  Uie  pMlUoo  of  Ua  dnlw- 
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THK    TZLBICOrS. 

I  L  7^  Fint  Tdacopes. 

The  telescope  is  so  essential  a  part  of  every  JDStnment  m>J 
tooded  for  sctronoRiitsl  meBsarcinCDt,  Uia^  ap«t  from  iu  ovuJ 
{mportanc«,  it  ma>>t  claim  tlie  fint  place  in  an;  dacriptioD  o£j 
astronomical  instnunetits.    The  question,  Who  made  the  firsT^ 
tcleaoopet  was  long  diuuMcd,  and,  perfaape^  will  nororbccon- 
cltatrcljr  teltlcd.    If  tlio  question  were  merely,  Who  iscniitled 
to  tlte  credit  of  tlie  invention  under  tlte  rules  according  xo\ 
which  edeatific  credit  is  now  awarded  I  wo  conceive  that  the 
SMwcr  most  be,  Galileo.    Tlic  first  publisticr  of  a  resolt  or 
diaooTcry,  uippoung  sodi  result  or  discovery  to  be  honestly 
lib  own,  now  taku  the  place  of  the  first  inventor;  and  there 
Is  little  doabt  that  Galileo  was  the  firet  one  to  show  the  worid 
how  to  make  a  (clesoopc.     But  Galileo  liimself  nys  that  it 
was  through  hearing  that  some  one  in  Franoe  or  Iloiland  had  ] 
made   an   instrument   which   magnified  distant  objects,  and! 
bronght  tlicm  nearer  to  tlic  view,  tliat  Iw  was  led  to  inquire; 
how  Mich  a  result  could  be  reached.     Tie  eeents  to  have  ob- 
tained from  others  the  idea  tliat  the  instrument  was  possible, 
but  no  hint  as  to  how  it  was  made. 

As  a  historic  fact,  howci'or,  tlicre  is  no  serious  question  that 
tlie  telescope  originated  in  Iloiland ;  but  tlie  desire  of  the  in- 
ventors, or  of  the  autlionlice,  or  ttoth,  to  profit  by  tho  poesee-] 
siou  of  an  ioitrnment  of  such  extraordinary  powers,  prevented  \ 
the  knowledge  of  its  constniotion  from  spreading  abroad.  The 
honor  of  being  tlie  originator  has  been  claimed  for  three  mcu, 
each  of  whom  has  had  his  partisans.    Their  naiuea  are  Metina^ 


TBB  FIRST  TBLESC0PS8. 


I 


ippcriier,  And  J)iii»cn  ;  tlic  lut  two  being  speotsc-le-tnaken 
Id  the  Xovia  of  Middlebarg,  and  the  first  a  profenor  of  iiiatho- 
Duties. 

The  clftitns  of  Jan^cii  were  BiistaintHl  W  Fetor  Borclli,  an* 
thor  of  ft  8in»n  Itook*  un  llie  fliibjoct,ai)d  on  the  Mi-vrigtli  of 
hie  authority  Jansen  was  lung  held  to  be  the  true  inventor. 
Hii  Btorv  wa«  t)i»t  Jun^n  lind  «hown  a  tL-lc«o(:>|>ci>ix[(H'n  inches 
long  to  Prince  Maurice  and  tlie  Arclidulio  Albert,  who,  per- 
ceiving llio  importance  of  tlie  invention  in  war,  offered  liim 
money  tu  kei.>p  it  a  ivcret.  If  lliiit  Ktury  be  tnii.',  it  would  be 
iDtereAting  to  know  on  what  teriii>  Jaiiien  was  induced  to  toll 
ont  his  right  to  immortality.  Bnt  BorelH'e  case  reat^  on  the 
testimony  of  two  or  tliroo  old  men  who  had  known  Janscn  in 
their  youth,  taken  forty-five  or  lifly  ycara  after  the  occnrrcncu 
of  the  e\'enl6,  when  Janeen  had  long  been  dead.and  lian  tliei-e- 
fore  never  been  confiidt'i'cd  as  fully  proved. 

About  1830,  docnnicniary  evidence  was  diBcovorod  which 
bbowed  tliat  llans  Lipperhey,  whom  Borclli  claims  to  ha\-e 
been  a  second  inrontor  of  the  tclcecope,  made  application  to 
the  Statof-gcnei'al  of  Holland,  on  November  Sd,  IftOS,  for  a 
patent  for  an  instrument  to  see  with  at  a  distance.  About 
the  same  time  a  similar  application  waa  made  by  Jamee  Mu- 
tins.  The  Government  rufnud  a  pati'nt  to  Lipperhey,  on  the 
ground  that  the  invention  was  already  known  elftewhere.  bnt 
ordered  several  instruments  from  liim,  and  enjoined  him  to 
keep  tlicir  con&tniclion  a  secret 

It  will  be  aeen  from  this  that  the  historic  qneation.  Who 
made  the  first  teleecopei  docs  not  admit  of  being  easily  an- 
nverod;  bnt  tliat  the  ^towers  of  tlic  ingtrnmcnt  were  well 
known  in  Holland  in  160S  seema  to  be  shown  by  tlie  refusal 
of  a  patent  to  Lipperhey.  Tlio  efforts  made  iti  that  country 
to  keep  tlic  knowledge  of  the  vonfttniclioii  a  secret  were  ko 
Car  sooceaaful  that  we  must  go  from  Holland  to  Italy  to  tmd 
bow  that  knowledge  fiivt  became  public  pi-upcrty.  About  six 
months  after  tlte  petitions  of  Ltppei'licy  and  Mctiua,  Ualileo 
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nm  in  Venice  on  a  visit,  aod  tlicro  i'ecei\'e(l  a  letter  from 
Paris,  in  wliicli  tlie  invention  was  meutioned.  ~  Ilo  at  once  eet 
himself  to  tlic  reinTCDtiou  of  the  instrument,  and  Wtt«  so  guu- 
ceesfnl  that  in  a  few  days  be  exhibited  a  t<;lctyCope  niaj^iiify 
ing  tliroe  titnci;,  to  tho  lustouishcd  anthoiitioe  of  the  citv.  Ro- 
tiiniinj;  to  hi«  home  in  Floroiiec,  tio  made  other  and  larger 
ones,  which  revealed  to  Itiin  Ilie  sftots  on  the  etin,  the  phasei 
of  Voims,  tho  mountains  on  the  moon,  the  sutclUtes  of  Jupiter, 
tJie  Eccniiiig  haiidIcA  of  Saturn,  and  some  of  tlie  myriads  of 
stars,  separately  invisible  to  tho  naked  eye,  whoee  combined 
'ight  forms  the  milky-way.  But  tlio  lai-gOst  of  thci«  instru- 
nictits  magnified  only  about  tliirty  timc^  and  n-as  so  imper- 
fect in  construction  as  to  bo  fur  from  sitowing  as  muoli  H 
could  ho  seen  with  a  modem  telescoi^e  of  that  power.  Tho 
Galilean  lcteKeui>u  was,  iu  fact,  of  tlio  simplest  eonstruetion, 
oonsistjug  of  the  combination  of  a  pair  of  lensei>,  of  which  the 
larger  was  con^'ex  and  the  smaller  concavo,  as  sliown  in  tho 
following  tigurc : 


Fi*  IS.— Tb«  OtUlMn  UlracopA    Tbe  dotwd  Hum  abow  Ui  connt  of  lb*  njt  ibrasfb 

UvloDMa. 

Tbe  dntanoe  of  the  tenses  was  sncli  tliat  the  ran  of  light 
from  a  star  passing  tlimugh  the  largo  convex  Icnsi,  or  objec^ 
glass,  OB,  met  tlie  coucnve  lens,  R,  before  reaching  tlio  focns. 
The  position  of  this  ooneave  lens  was  siicli  tliat  tho  rajra 
should  emerge  from  it  nearly  parallel.  This  form  of  tele- 
■cope  is  still  n«ed  in  opcra>glasses,  because  it  can  bo  iiiadu 
shorter  than  any  other. 

The  improvements  in  tlie  telescope  since  Galileo  can  be 
beat  nndontood  if  we  give  a  brief  statement  of  the  priiici- 
[iles  on  which  all  modem  telescopes  are  constrocted.  Tlie 
properties  of  every  such  inttruincnt  depend  on  the  power  pes- 
eeased  by  a  lens  or  by  a  concax*e  min-or  of  forming  an  im* 
Bgo  of  any  distant  object  in  its  focus.    Tliis  is  done  in  tbe 
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case  of  llio  lens  Ly  refracting  tlio  light  wliivli  passes  Uirougli 
^_  ii,  and  in  tlie  ca»o  of  tlic  mirror  Ly  roflocling  b«ck  tlio  rays 
^P  which  strike  it.  In  ord«r  to  fomt  an  ima^  of  a  point,  it  is 
necesBBiy  (list  a  portion  of  tho  raj's  of  light  which  emanate 
from  Ihc  point  eliall  he  collected  and  mndo  to  oonvoi^  to 
some  other  point.    For  iti&taiiee,  iu  tlie  following  tigiire,  t])o 

L 

^m  near] 
^^  rw;li( 
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Tiearly  parallel  raj's  emanating  from  a  distant  |>oint  in  tlic  dl- 
rcvliun  from  which  the  arrow  is  coming  strike  the  lens,  L, 
and  as  ihcy  |iae«  througli  it  are  hcnt  out  of  tliclr  conivo,  and 
made  to  converge  to  n  point,  F.  Coiitinulng  their  conrae, 
ihey  divci;ge  from  F  exacily  aa  (/  F  iltclf  ntn  a  lummous  pm'nt, 
u  cone  of  light  hcing  formed  with  its  npvx  at  /'.  An  obsor^er 
placing  his  eye  within  thi«  cone  of  rays,  and  looking  at  F, 
will  there  seem  to  see  a  sliintng  point,  althongh  realty  there 
is  nothing  there.  Tliis  apparent  shining  point  is,  in  the  lan- 
gnago  of  aelronomy,  called  l/ie  image  of  Oie  real  point.  The  dis- 
tance, OF,  ia  called  lite  focal  lengtit  of  Oie  fcrt». 

If,  instead  of  a  simple  point,  we  have  an  object  of  some 
apparent  magnitndc,  as  tho  moon,  a  hoiiec,  or  a  tree,  then  tho 
light  from  each  iwint  of  the  ohject  will  bo  bi-oiiglit  to  n  cor- 
responding point  near  F.    To  find  where  tliis  corresponding 
point  is,  we  have  only  to  draw  a  lino  from  eavh  point  of  an 
object  tliroiigh  tlie  centre  of  the  lens,  and  vonliniic  it  a«  far  a» 
llw  focns.     Each  point  of  the  object  will  then  have  it9  own 
point  in  tlio  imago.    These  ])ointe,  or  images,  will  he  spread 
oat  over  the  wn-face,  FFK,  which  is  called  the  foci»l  plane,  and 
will  make  up  a  representation,  or  image,  of  the  entire  object 
ron  a  small  ecsic,  but  in  a  revcrecd  position,  exactly  us  in  the 
'  camera  of  a  photographer.     An  eye  at  B  within  tlie  cone  of 
•  rayii  will  then  »?c  all  or  a  part  of  tlie  object  revereed  in  the 
focal  plane.     Tho  imago  thus  formed  may  bo  viewed  by  tin 
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eye  as  if  it  were  ft  real  ohjeot;  uid  as  a  minute  object  may  be 
viewed  by  a  magnifying  leoB,  so  sucli  s  lone  may  be  used  to 
view  and  magnify  Uic  image  fornacd  in  tlio  focfll  plane.  In 
the  large  len»  of  long  focits  to  form  tbe  image  in  Uiu  focal 
[danc,  and  tbe  small  lens  to  view  and  magnify  this  image,  we 
have  tlio  two  esseniiul  parU  of  a  rufracting  telescope.  Tlte 
former  lena  is  called  the  objective,  or  dijfxl-fflasf,  and  the  Inttor 
the  eyt-pirce,  cj/e-Uns,  or  ocular. 

The  magni^ing  power  of  a  telestcope  depends  upon  tbe  rel- 
ative focal  lengths  of  the  objective  and  ocular.  The  gi-e«ter 
the  focal  leiigtb  of  the  former — that  itt,  the  greater  tbe  difilanvai 
0^'— tJie  larger  llie  innige  will  be ;  and  tbe  lesg  the  focal  length 
of  the  eye-lens,  the  nearer  the  eye  can  be  brought  to  the  im- 
ago, and  the  more  tbe  latter  will  be  magnitled.  The  magnify- 
ing jKiwcr  in  found  by  dividing  tlie  focal  length  of  the  objec- 
tive by  that  of  the  eye-lens.  For  instance,  if  the  focnl  lengili 
of  an  objective  were  36  inches,  and  tliBt  of  llie  cye-leits  were 
thit'c-<jnartcrB  of  an  inch,  the  quotient  of  tboeo  numbers  would 
bo  4S,  wliicli  would  be  the  magnifying  power.  If  the  focal 
lengths  of  these  lenses  n'ere  ci|aal,  Uie  telescope  would  not 
magnify  at  all.  By  simply  tnruing  a  telescope  vnd  for  end, 
and  looking  in  at  the  objoclivc,  we  have  n  reversed  telescope, 
which  diminishes  objects  in  Uie  same  pi'oporlion  that  it  mag^l 
nifies  thetti  when  not  reversed. 

From  the  foregoing  rule  it  follows  that  we  can,  Uieoretioal- 
ly,  make  any  telesco])o  magnify  as  much  as  wo  please,  by  »ni> 
ply  tiaing  a  siifHciently  small  eye-lens^    If ,  for  instance,  we 
wish  onr  telescope  of  86  inches  focal  length  to  magnify  3C0O 
times,  we  have  only  to  apply  to  it  an  cyislenA  of -j-}^  of  au  inchj 
focal  Icngtli.    But,  in  attempting  to  do  thi»,  a  difficulty  arisecJ 
with  which  astronomers  have   always  had   to   contend,  audi 
which  has  its  origin  in  the  im]>crfGction  of  the  imago  formed'^ 
by  the  object-glass.     No  lens  will  bring  all  the  rays  of  light 
to  absolutoiy  the  same  focns.     Wlieu  light  passes  tlirongit  a 
prism,  the  various  colors  aro  rcfnicted  nucqually,  red  being 
refracted   the   least,  and   violet   the   most.      It  is   the  samftl 
when  light  is  refracted  by  a  lens,  and  the  consequence  is  that 
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Itio  red  niy»  n-Jll  be  brougliL  to  the  fartliost  fociie,  &ii<)  tlio  vio* 
let  to  llie  nenre&t,  wliile  the  iiiteiTncdixte  culore  will  be  sent' 
tor«d  U'tnrecii.  As  all  tbc  light  »  not  broiiglit  to  tlie  Minie 
fo<:ii»,  it  U  iinjiocciblo  to  get  niij  sccuralc  image  ot  a  elar  or 
other  ohjevt  at  which  the  teleftcofw  i»  pointL-d^lho  cvc  seeing 
only  a  confoeed  mixture  of  images  of  vai'iQiti  voloc?.  When 
tt  sufficicntlj  low-  magnifying  powoi'  is  used,  the  coiifasiuii  will 
be  filight.  the  edge«  of  the  object  being  indistinct,  and  tnado 
up  of  colored  fiingee.  When  the  magnifying  jiou'cr  u  in> 
crowed,  the  (^ijcct  tvill  indood  look  larger,  bnt  these  eonftiscd 
fringed  will  ]oi>k  iiirgi-r  in  tlic  sftmc  pfoportion ;  so  that  the 
observer  ivtil  tec  no  more  thiin  before.  Tititi  separation  of  iho 
liglit  in  a  telee<-o))e  is  tcnncd  diromalk  aberratum. 

Sncli  u-a<  the  difficnlty  vrhich  the  snecctton  of  Galileo  on- 
oonnten-d  in  ntteni|xing  to  improvo  tlic  telcM:ope,  nnd  whieh 
tlicy  found  it  impoeeible  to  obviate.  They  fonnd,  hon'o^er, 
tliat  they  eonid  diminish  it  by  incroaeing  the  length  of  the  tel- 
e«co)>e.  and  the  oon»o(|uent  size  of  tlio  c*^infti»od  image.  If 
they  made  an  object-glana  of  any  fined  diameter,  say  six  inches, 
tbey  fonnd  that  the  image  was  no  moi-o  oonfiited  when  the 
focal  length  was  sixty  feet  than  when  it  was  six,  and  tltu  tianie 
eye-loni  could  therefore  be  ntcd  in  both  eases,  lint  the  im- 
iii  the  foens  of  the  linit  wn.i  ten  times  as  large  aa  in  the 
>nd,  and  thus  nsing  tlie  same  eyc-^ns  would  give  tt.'n  times 
tlie  inagTiifying  power.  Iliiyglion^Cass)ni,IIevcliii»,and  otiv 
or  tMtronoinvr»  of  tlie  Inltcr  (mil  of  the  #evontcent1i  ccntnn,*, 
made  tele^coj)a<)  a  hundred  feet  or  npwarda  in  Icngtli.  Some 
astronomers  then  had  to  difijiensQ  with  a  ttibo  cotiroly;  llio  ob* 
jeotivo  boitig  mounted  by  Ciu^ini  on  the  top  of  a  long  pole, 
while  the  ocular  was  moved  along  near  the  gmnnd.  Ileveliiis 
lie]>i  his  objecti^'e  and  otnilar  connected  by  a  long  rod  which 
replaced  the  tube.  Very  complicated  and  ingenious  arrange- 
ments wen!  AomelitncD  used  in  managing  theae  huge  instni- 
tnentif,  of  which  we  give  one  specimen,  taken  from  tlie  work 
of  Blancliini, "flrsptri H  Phcn^phort  .Vwii  Htanonwua"  in  which 
that  iLstruiiomer  dewribee  his  celebrated  obeorvatioiis  ou  tlio 
rotation  of  Venna. 
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%  2.   Vit  Aciiromalie  Teif3<»pf-. 

A  oentntT  nnd  a  half  elapsed  from  tlie  time  wlieo  Galileo 
showed  IiU  6rBt  teli3eco|>e  U>  tbe  autliorilios  of  Venice  befoni 
an;  method  of  deetroviiig  the  chromatic  aborration  of  a  lone 
vat  discovered.  Il  U  tu  Dollond,  an  English  o]iti<:inii,  Utat  the 
practical  constniction  of  the  achromatic  telescoiw  is  dne,  al- 
though the  principle  on  which  it  dcpouds  was  first  published 
by  Eiilcr.thc  German  mAtticiimticiaii.  The  invention  of  DoU 
lond  conei&t£  in  the  combination  of  a  oonvcx  and  concave  lens 
of  two  kinds  of  glass  in  such  a  way  that  their  nW'rrations 
shall  counteract  each  other.  How  tlii«  ia  effected  will  be  be«t 
seen  by  taking  the  caae  of  refraction  by  a  prism,  whera  tho 
eamo  principle  comes  into  play.  Tlio  soparatJOQ  of  tlio  light 
into  its  prismatic  colors  is  here  termed  iUspcrn'on.  Sappoie^ 
now,  that  we  take  two  prigina  of  glasis,  ^lijTCand  ACD,  (Fig. 
31),  and  join  them  in  the  manner  ehown  in  the  Ognrc     If  a 


Fio.  U.— RsfMction  tbroujib  ii  aomiioiuid  |irlun. 

ny,  as,  pa»  through  tlie  two,  tlieir  actions  on  it  will  tend 
to  conuteract  each  other,  owing  to  tho  opposite  du-cctions  in 
which  their  nni^lcs  aiw  tuniod,  and  the  my  will  be  refracted 
only  by  tlie  difference  of  the  refractive  powere,  and  di8i>ciK«d 
by  tiie  difference  of  tlie  dispeisive  powers.  If  tlie  dis{>erBire 
powon  nra  equal,  there  will  be  no  diM[)cnion  at  all,  the  ray 
pa«»ing  through  without  any  separation  of  itA  coloi^.  If  tho 
two  prisms  are  made  of  the  eamo  kind  of  glass,  their  dii^pcrsive 
powers  QAa  bo  made  eqnal  only  by  makini;  them  of  tlie  same 
angle,  and  tlicn  their  refmctive  jvowei-s  will  be  equal  also,  and 
tiie  ray  will  pass  through  witliout  any  refiaction.     As  our  oU 
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ject  u  to  have  rcfnictioti  wittioiit  dU[X!nioii,  a  coiiil*in«ti(iii  of 
prisms  of  the  &anie  kind  of  glass  caiiDot  eSevt  it 

Tlrt)  problem  wliicli  is  now  presented  lo  hb  is,  Can  w«  innk« 
two  {>ri8iiM  of  different  kinds  of  gliua  sitcli  tluit  tlieir  di»]>e^ 
6ii-e  )>owei8  eliall  t>e  eqnal,  but  tJioir  rcfi'sctire  powers  nii- 
oqiml  1  Tlio  ruMtti'vIiui  of  Eiik-r  and  Dulloud  answered  tlii« 
qnoitlon  in  t)ie  itRinnalive  hy  allowing  t)i»t  tlie  di8]>cii«ive 
pover  of  dense  flint-glass  is  double  tlint  of  crown-glass,  while 
lie  rufraclivc  power  i*  nvtitly  llie  vhiiiv.  Consofjiiuntlv,  if  wo 
iiinko  tlio  prism  ABC  of  crown  f^lass,  and  tiie  prism  A<,^/J  of 
flint,  tlie  angle  of  the  flint  at  C  being  Imlf  that  of  the  crown 
at  A,  the  two  0])i>o«ito  di(:pfi>ion«  will  neutralise  each  other, 
and  the  rajs  will  pass  throngti  witliont  being  broken  np  into 
tlie  separate  colors.  Hut  the  crown  pnem,  with  donble  the  an- 
gle, will  liavo  a  morb  [lowcrfnl  rufniutive  power  than  tho  flint; 
so  Uuit,by  combining  the  two,  we  sliall  have  infraction  witJiout 
iuperaion,  which  solves  liic  problem. 

TliQ  manner  in  which  this  principle  is  applied  to  tlio  con- 
struction of  an  object-gloifi  is  this:  a  convex  lens  of  crown  is 
combined  with  a  concave  lens  of  flint  of  about  half  the  cur- 
vature. >'o  exact  ndo  i-otiwctiug  the  ratio  of  the  two  enrva- 
tnrca  can  be  given,  lieeaiiso  tlie  refracti\'c  powers  of  different 
Bpcciniens  of  glass  differ  greatly,  and  the  projter  ratio  tnu»t, 
llierofore,  be  found  by  trial  in  each  case.  Having  found  it, 
tlte  two  lenses  will  tlicu  have  equal  aberrations,  but  in  oppo- 
site directions,  while  the  crown  refracting  more  |K)wcrfully 
tlian  tiw  flint,  tho  rays  will  be  brought  to  a  focus  at  a  dis- 
tance a  little  mure  than  double  tlic  focal  distance  of  the  former. 
A  conibinAtion  of  this  sort  is  called  an  ar/imuftie  ol/Jrcltve. 
Some  of  the  earlier  aohromatic  objecriixs  were  made  of  three 
lenses,  a  double  concave  lens  of  tlint  glass  being  lltted  be- 
tween two  double  convex  ones  of  crown.  At  present,  liow- 
ever,  but  two  lenses  aro  used,  tite  forms  of 
whicli.as  need  in  tho  auialler  Euro|>can  telo- 
Kopos,and  in  all  the  telescopes  of  Mr.  Al van 
Civic,  are  shown  in  Fig.  33.  The  crown- 
glass  is  here  a  double  convex  leuis  and  the 
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ciir\'Alitrcit  of  the  two  (wxs  nro  eqiiiil.  Tlic  cnniitiire  of  t)ie 
itiBiile  faee  of  tlio  flint  is  tito  EAmo  as  that  of  the  crown,  so 
that  tho  two  fuccs  fit  scuuiiitcly  to^lhor,  while  the  outer  face 
is  nearly  tint.  If  the  di^pereive  power  of  tlie  Hint  weiv  jiut 
doiihle  that  of  the  crown,  tliis  face  would  Iiave  to  be  flat 
to  prodii<.'u  BchroiDutieiri;  hut  this  in  not  gcuerally  tho  cute. 
Thti  fnut  i»  thai,  as  no  two  qx^ciincns  of  gla«s  made  at  dif- 
ferent meltings  have  exactly  ihe  eiitne  refiiiclive  and  di»)>er- 
Bive  powei-s,  tlio  optician,  in  making  a  lclc«copu,  tnnet  tiiid  the 
ratiM)  of  dit»peraiun  of  hie  two  i^lnaws,  and  then  ^'ive  the  ontvr 
fnuG  of  Ilia  Hint  snch  a  dcgi'ee  of  curvature  as  to  neutralize 
the  dispcrsiun  of  his  crown  g\w».  Ueuallr,  thi«  faco  will  liaro 
to  h«  sliglirly  cuncave. 

When  tlie  inner  faces  of  the  glaseea  are  thuB  made  to  Hi,  it 
ia  not  nncuininon  to  juin  the  gbueee  together  with  a  tranepar- 
oiit  bnlMini,  in  oi-der  lo  dirninijJi  ihu  loss  of  li;;ht  in  [laesing 
thivu};h  llie  ^iins.  Whenever  light  falls  nj>on  transftarent 
glaMt,  between  throe  and  four  jier  cent,  of  it  is  reflected  Imcic, 
ami  when,  aflcr  passing  through,  it  k-aves  again,  about  the 
eaniu  amonnl  h  R-Heciod  buck  into  the  ghuts.  ConBec)iicnlh', 
about  seven  jier  uent.  of  the  light  is  loet  in  pne>sing  throngh 
ench  lens.  But  when  the  two  lenses  are  joined  wiUi  bal^m 
or  castor-oil,  tho  reflection  from  the  M;cond  surface  uf  the  flint 
and  the  fii»t  *nrfjtco  of  the  crown  is  grcnlly  diminished,  and  a 
loss  of  jierlmite  six  jier  cent,  of  tlie  light  is  avoided.* 

As  larger  and  more  pci'fect  achromatic  telescope*  wore 
made,  a  now  »(>nrf>e  of  aberration  was  discovered,  no  practical 
method  of  correcting  which  is  yet  known.  It  arises  from  Ihe 
&ct  ttiat  flint  glass,  as  compared  with  crown,  disperses  tho  bine 
en<]  of  Ihe  »|ii-itrum  inin-e  thmi  the  red  end.     If  we  maico 


■  ^Vltv'i  il'vr^  it  "o  lifllanin,  niidlier  Inconvenience  uimpitinot  uriwi  ftnni  > 
dnul'li)  irlli'i'tiiin  of  li|;!it  finiii  llio  inciei  iiirfncM  of  llio  ^Inu.  Of  iha  ligUl  i(- 
littvttil  luii'k  fiom  Ell'.-  lirsl  •iiiflice  tit  ibe  cuhvii,  (our  {lei  coiit.  i(  ngitln  rafltMod 
tram  llio  «fcnn4  aiirfurv  r>(  Ilia  llint.  Hnil  t«iit  iliiirn  tii  (lie  fuciiii  oflha  wlueopt 
with  ihe  6intt  r»t%.  If  ihers  Ix  ilie  i>t>Eliie*t  nil>iiWciiii.'ni  of  iin*  of  the  lentM, 
lh«  rtfleeted  rni*  »ill  coma  lo  n  ililTcraiil  fiKut  fii>ni  the  illract  onw,  «nii  tvvj 
bricbt  flu  H  ill  MVRi  (u  have  n  email  torajitnliMi  tuu  alunn-citle  of  H. 
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lenses  of  flint  nnJ  crown  Imvirig  oqnal  disjicrsivo  power,  we 
•Imll  titid  tli«t  ttic  red  end  »  lotigvst  in  the  cruwu-glns*  h]>cc- 
truin,siid  ttio  blue  eud  in  lite  flint-gla^  spectrum.  Tiie  con- 
•eijuetico  a  that  wlioo  wc  join  a  pair  of  prisms  in  i«vcrsQd 
|>06>itioit8,  M  iliowii  in  F'l^.  21,  tlio  two  di»]>(.>i-ftions  vAnnut  be 
made  to  deetroj  eacli  other  eulirclj-.  Instead  of  the  refracted 
light  being  all  joined  in  one  wliStc  ray,  tho  spectrmi)  will  bo 
folded  over,  (1*  it  were,  the  n-d  and  indigo  ends  being  joined 
together,  tJie  faint  violet  light  extending  out  hy  itself,  while 
the  yellow  and  green  arc  joiuvd  at  the  opposite  end.  This 
end  vill,  tlicrcforc,  be  of  a  yelluwi>h  grccii,  while  the  other 
end  is  pnq)1e. 

The  spectrum  thus  formed  by  tlio  combination  of  a  flint 
and  crown  priein  is  termed  tlio  tKotidary  tpcclnim.  It  is  very 
mud)  sliorler  than  the  ordinary  spectra  formed  by  cither  the 
ci-own  or  the  flint  glass,  and  a  large  portion  of  the  light  is  con- 
densed near  the  yeliowUh-ga-cn  end.  The  effect  of  it  is  that 
tlHS  refracting  tctescoi«j  is  not  perfectly  achromatic,  though 
rei^  nearly  so.  In  a  small  telescope  the  defect  is  hai-dty  no- 
ticeable, the  only  drawlmck  being  tliat  a  blight  star  or  other 
object  19  eeen  snrronnded  by  a  blue  or  violet  ai cole,  fomiod  by 
tlte  indigo  rays  thrown  out  by  the  (lint-glase.  If  the  cyc-ptece 
is  pushed  in,  so  that  the  star  is  sei-u,  nut  as  a  point,  but  as  a 
small  disk,  the  centre  of  this  disk  will  bo  gi-ccn  or  yellow, 
while  the  border  will  be  reddish  pnrple.  Ihit,  in  the  immense 
refractois  of  two-feet  apertnre  or  upwards,  of  which  a  number 
tiavo  been  produced  of  late  years,  the  secondary  aberration 
oonslitiilc*  the  most  KcrioitiS  optical  defect :  and  it  is  a  defect 
whidi,  arising  from  the  pro|>erties  of  glass  itself,  no  art  can 
]iminiah.  Tlio  diflicnity  may  be  lessened  in  tho  suntc  way 
that  tlic  ctipomatic  alicrmtion  was  lensened  in  the  older  tele- 
scopes, namely,  by  increasing  tlie  length  of  the  instrument. 
Ill  doing  this,  however,  with  glasses  of  such  large  size,  engi- 
neering difliculties  are  cnconntei'cd  which  soon  becomo  instir- 
roomituble.  We  must,  therefore,  consider  that,  in  the  great 
refractors  of  recent  times,  the  limit  of  optical  jwwer  for  such 
instruments  has  been  very  nearly  attained. 
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The  cj-e-pieee  of  a  telescojie,  as  well  as  ite  objoctlvo,  con* 
ei«t8  of  two  glaeeee.  A  einglc  Imis  will,  indeed,  aiiewer  all 
the  piii-|>o6CS  of  seeing  an  olijeot  in  Uie  centre  of  the  fittld 
of  view,  bnt  die  field  iteelf  will  bo  nari-ow  and  indistinct  nt 
the  eO^-s.  An  additional  lens,  term- 
ed the  Jield-lens,  is  tliei-eforo  plaood 
jAl   i  \    ^'^I'.v  near  tlie  image,  fov  tlie  piirpuM 

*^.  I*"  -^  I    of  refracting  the  outer  rays  into  the 

])ropcr   direction    to   form    a   dislioet 
iiMUSC^  wirli  the   aid  of  tlio  ovc-I«ns. 

"^^  "-rTrcrfr"""  I"  I'ig-  a^  "'«!'  ''"  o.vc.pi««  is  rep. 
rtsBcnted,  in  n-liieh  the  field-lens  ii 
between  the  iina^  and  tlie  eye.  Tins  is  called  a  jxisiUve 
eye-piccc.  In  the  negative  cyo-pioce  tlic  ray»  ])u«i  tht-otigh 
the  lield-lens  just  bcfoi-c  coming  to  n  focua,  ao  that  the  image 
is  fonncd  just  within  that  lena^  The  iiositivo  e_ve-pieoo  is 
need  when  it  is  reqnii-ed  to  neo  a  micrometer  in  the  focal 
pliDO ;  hut  for  mere  luokinn;  the  tiogativo  ocular  is  best.  All 
telescopes  are  supplied  with  a  number  of  eye-pieces,  bj 
changing  which  tlio  magnifying  power  may  he  altered  to  suit 
the  observer. 

The  astronomical  telescope  nsed  with  these  eye-piecca  al- 
ways shows  objects  upside  down  and  light  aide  left.  Tliis 
causes  »o  inconrcntouce  in  coleetial  observations.  But  for 
viewing  ten-cMrial  objecla  tlic  cyc-piece  «m.*t  have  two  puirs 
of  lenses,  the  first  of  which  Forms  a  new  image  of  tlie  object 
restored  lo  it*  proper  position,  which  inia^  is  viewed  hy  the 
eye-piece  formed  of  rhe  second  pair.  This  combination  is 
called  au  erecting  or  teri'esU'ial  eye-piecC' 

§  3.  Tli£  Mounting  of  Oie  Tilescope. 

If  (be  earth  <lt(l  not  revolve,  so  that  each  heavenly  body 
would  be  seen  hour  after  hour  and  day  after  day  in  nearly 
the  eame  direction,  the  jn-oblcm  of  nsitig  great  tclcBcopn 
would  be  mucli  simplified.  The  objective  and  tlie  eye-piece 
could  be  fixed  so  as  lo  point  at  the  object,  and  tlic  obsen-er 
could  scrutinize  it  at  his  leisure.     But  actually,  whou  wo  um 
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■  teleeoopo,  the  dinmal  revolntion  of  the  earth  is  iipiwrciitly 
iiicranEcd  in  proportion  to  the  tnagnifyinjt  power  of  tlie  in- 
Mrumeiit:  mid  if  tbu  l»lt«r  iit  Hxud,  uud  u  high  pDn*cr  is  uwd, 
tlie  object  passes  by  with  oach  rapidity  that  it  ifi  impossible  to 
ficrutinizo  it.  Mort'ly  lo  point  a  tuleeoopo  at  an  object  nooda 
inntiy  f-itf^ciEtl  coiitrivanow,  becnnw,  unless  the  )>ointiiig  is  ao- 
ctirate,  the  object  cannot  be  fonnd  at  all.  With  a  telescope, 
and  nothing  more,  an  oh«cri'cr  might  epond  half  an  honr  in 
vnin  efforts  to  ]>uiiit  it  at  Sirius  bo  aconratcly  that  the  iinitgo 
of  the  eiar  ehonld  be  hronght  into  the  field  of  view;  and  then, 
before  he  got  one  good  look,  it  might  Hit  ttvctty  and  bo  lost 
•gain.  If  thb  is  the  cas«  with  a  bright  Mar,  how  much  luirdur 
mnat  it  be  to  point  at  the  ploiiet  Keptune,  an  object  invisible 
to  the  naked  vyv,  which  is  not  in  the  same  direction  two  min- 
utes in  •iicce^tuii!  It  will  rcadil;r'  be  uiidcrstoud  tliat,to  make 
anv  astrottomical  uac  of  a  tar^  telescope,  two  tilings  are  abso- 
lutely net-esflary:  tiret,  the  means  of  pointinir  the  tpIpsco)>e  at 
any  obj».-t,  vigiblo  or  imit^iblo;  and, «ooond, tlie  inotiu&of  mov- 
ing the  telescope  so  that 
it  shall  follo\v  the  object 
ill  its  dinnia)  motion, 
and  tints  keep  its  image 
in  the  field  nf  view.  The 
following  are  tl»  mo- 
chanicnl  contrlvanoea  by 
vliii-.h  lliese  objects  are 
cffc'ctL'd : 

Thv  objcct-glasa  is 
plaood  in  one  ond  of  a 
tobe,  O/,*,  the  h-ngtli  of 
tbe  tnbe  being  nearly 
cqnsl  to  tlie  focal  lenirtli 
of  tlic  objociive.  The 
eye-piece  is  fitted  into  a 
projection  at  the  lower 
cndof  thetnbo.  A'.  The 
object  of  tbe  tube  is  to 
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keep  tlic  gliu«C8  in  llicir  |iro|>ci'  ixilnlivc  )>usiliom,  and  to  pro* 
teflt  thfi  e^o  of  Uie  observer  from  stinv  liglit. 

The  tube  has  an  nxis,  .-1  li,  Hrinl^v  ^teiiod  to  it  At  A  near  its 
middle,  u'liluli  axis  paseot;  tlirongli  a  vyIiiidrit.'Al  esse,  C,  into 
wliicli  il  neatly  lits,  mid  in  wliidi  it  can  timi.  Ily  turning  the 
telescope  on  tliis  axis,  ttio  end  A'ean  bo  tn-onglit  towards  the 
reader,  and  0  from  him,  or  vicr  wriui.  Tills  axis  is  calltid  tlio 
declination  axis.  Tlie  cnse,  C,  it)  IJrnily  fa&tcned  to  u  second 
axis,  7>A'  snp])oi-ttd  at  D  and  E  eallcd  the  polar  axit.  Tins 
ttxh  point.'*  to  the  polo  of  tlio  heavcnfi,  and,  hy  tiii-iiing  it,  t)i« 
wliulo  telescope,  with  tlie  |)ai't,  ^L  C,  of  the  eaac,  may  be  hronght 
towai'ds  the  observer,  whilo  iho  end  fl  will  recede  from  him, 
or  t'lWr  ffrsa.  In  ordtr  ihnt  tlie  weight  wf  the  U-li-scope  may 
uut  mako  it  turn  on  the  )>olar  axis,  it  is  balanced  by  a  weight 
at  B,  ou  tlio  other  end  of  the  dcvlination  axis.  This  weight 
is  commonly  divided,  n  pavt  being  varried  by  ilio  nxi(,  and  a 
IHtrt  hy  the  ca^^,  C  Tlie  [>obu-  axis  is  carried  hy  a  frame,  /*, 
well  fastened  on  top  of  a  pier  of  masonry. 

Snch  is  the  general  natnre  of  the  meehanism  by  which  ao 
lutrononiicnl  tclosoopu  is  mounted.  The  ei^ential  jioint  is 
that  there  ithaU  be  t«-o  axes— one  fixed,  and  pointing  at  ihc 
pole,  and  one  at  right  angles  to  it,  and  turning  with  iL  In 
tlio  RiTHngcmunt  of  tlieso  axes  there  arc  gi'eat  differences  in 
the  toloM^ojves  of  different  makers;  hnt  Fig.  34  tiliowa  what 
i»  ciMential  iti  the  plan  of  moimtiitg  iww  V4try  generally 
adopted. 

Ill  iho  lignre  the  telesooi>e  i«  represented  as  east  of  iho  ^peo 
tator,  and  a«  pointed  nt  the  pole,  and  therefore  parallel  to  the 
polar  axis.  Snpposo  now  thtit  the  tolcscojK!  bo  tnrni'd  on  the 
declination  axic,  A  ft,  thmngh  an  arc  of  90°.  the  eyo-pieco,  E, 
being  hroitght  towards  the  spectator;  the  object  end  will  then 
point  towards  the  east  horizon,  and  therefore  towards  llie  celes- 
tial ecjnator,  tho  eye  end  )>ointing  directly  towards  tlie  spec- 
tator. Then  let  the  whole  instrument  bo  tiirned  on  the  jtolar 
axis,  the  eye-pieee  being  bronght  downwards.  The  telescope 
will  then  move  along  tho  co1e«tlal  equator,  or  tlie  path  oE  a 
Mar,  90^  from  the  pole.     And  nt  whatever  distanec  from  tht 
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0  set  it  hy  tuniiiif;  it  <fn  tliu  docliiintioii  axis,  if  we 
turn  it  oil  tlio  polar  uxis  tt  uill  duiorilu  k  c'lvtAo  liavio^  tliu 
polo  «t  iU)  centre;  tlint  ie,  the  samo  oircle  whieli  n  btw  follows 
by  its  diurnal  luotioti.  So,  to  obeorvo  a  star  with  llio  telescope, 
wo  haw  tint  to  turn  it  on  llic  diiuliiiiition  axis  to  tlio  ]ioIar  dis- 
tance of  the  star,  and  then  on  tlie  politr  nxis  till  it  points  at 
ttifl  star.  This  pointing  is  effected  hy  circles  divided  into  de- 
greee  and  minnttv,  not  shown  in  thv  tigui-o,  hy  which  the  die- 
Iftnco  which  tlic  tclc«coi>c  [>oint«  from  the  pole  and  from  the 
meridian  may  be  found  at  any  time. 

In  order  llint  tlio  star,  when  onco  fonnd,  may  be  kept  in  the 
field  of  view,  the  tcluccopc  is  f  nniished  with  a  system  of  clock- 
work, hy  which  the  polar  axis  is  slowly  turned  nt  the  rate  of 
one  revolution  a  day.  By  starlinjj  this  clock-work,  llio  tcle- 
ioopo  is  mado  to  follow  the  star  in  it*  diurnal  motion ;  or,  to 
spCkk  with  greater  astronQmical  praciuon,  as  thn  earth  Uiriw 
OD  ita  axis  from  west  to  cast,  the  telcsco]X)  tnnis  from  cast  to 
west  with  the  same  angular  r«locity,  so  that  tho  direction  in 
which  it  ]>oint«  in  the  hcitvons  n'inaius  nnnlteit.'d. 

In  order  to  facilitate  the  tindinj;  or  recognition  of  an  object, 
the  telescope  is  furnished  with  a  "  tinder,''  T,  consisting  of  a 
small  tolescopo  of  low  power  jminting  in  the  same  direction 
with  tlic  larger  one.  An  object  can  bo  seen  in  the  small  tcU 
ewopo  withoat  the  (winting  lieing  so  accurate  as  in  necessary 
ia  tho  case  of  the  large  one;  and,  when  once  seen,  the  tele- 
KOpo  is  mov'cd  until  the  object  is  in  the  middle  of  tho  field 
of  view,  when  it  is  also  in  tltc  lield  of  view  of  the  lai;ge  one. 

§  4.   T/tc  liejleclhig  Telcstope. 

Two  radically  different  kinds  of  tcleM!o[>cfl  are  made :  the 
ODD  just  described,  knomi  as  the  refracting  telescope,  because 
dependent  on  the  refraction  of  light  through  glass  lenses;  and 
the  other,  the  reflecting  tele«copc,  *o  cntled  becanso  It  acta  by 
reflecting  the  light  fmm  a  ooncavo  mirror.  The  nauto  of  tho 
first  inventor  of  this  instrument  i«  disputed;  hut  ^ir  Isaac 
Newton  was  among  the  lii-st  to  introduce  it.  It  was  denigned 
by  him  to  aroid  tlie  difficulty  gix>wing  out  of  tho  chromatio 
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ftborration  of  the  refrftcting  telesootws  of  his  time,  wliicli,  it 
will  be  remeiiibered,  woit;  not  achromatic.  If  ]>aml1cl  rej-s  of 
light  from  adigtant  object  fttU  upon  a  concave  mirror,  uftliowo 
ill  Fig.  35,  they  will  nil  be  reflected  back  to  a  focus,  F,  half- 
way between  the  centre  of  curvature,  (?,  and  tlio  surfsvo  of 
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tbe  mirror.  In  order  that  the  rays  may  bo  all  reflected  to 
absolutely  tbe  eaino  fueti»,  the  section  of  tbe  mirror  iiiu«t  bo 
H  jiumbola,  and  the  [loint  where  the  rays  inoet  will  be  tlie 
focus  of  tbe  parabola.  If  tho  ray«  omaniilo  from  tbe  varioas 
points  of  an  object,  an  iiiiftc^  of  fim  object  will  be  formed 
iu  and  uoar  tho  focus,  as  in  tlie  cane  of  a  lens,  Tliis  irnago 
is  to  be  viewed  witli  a  magnifying  eye-piece  like  that  of  a 
refi-acting  lelescojjo.     Such  a  mirror  is  called  a  fiitxvlum. 

IluR', buwcvvr,  a  dtfliculty  arises.  The  iinttgc  'v^  formed  on 
tho  same  side  of  the  mirror  on  which  tlio  object  lies;  and  in  or- 
der that  it  may  be  seen  directly,  tlio  oyo  of  the  ohsorvor  imd 
tlie  eye-piece  niiiet  bo  bctwooa  /'and  (7,  directly  lu  iho  rays 
of  light  emanaiing  fioiii  the  object  By  placing  the  eye  lier^ 
not  only  would  a  giciit  deal  of  tlie  light  bo  cni  oflt  by  tlie  body 
of  tlie  observer,  but  the  dcHiiition  of  tlio  imago  would  be  great- 
ly injured  by  the  tiitorgjosition  of  so  largo  an  object.  Tbrea 
pliiuit  have  licen  deviled  for  evading  tliis  difliculty,  which  are 
dno,  respectively,  to  Gi-egory,  Newton,  and  Ilcrscliol. 

7^e  fferscheh'an  Telescope.  —  In  tins  form  of  telueci^  tbo 
mirror  ia  eligbtly  tipped,  so  tliat  the  image,  instead  of  Iwing 
formed  in  tJie  centre  of  tho  tube,  is  formed  near  one  side  of 
it,  as  in  Fig.  36.  Tho  observer  can  then  view  it  without  put- 
ting bis  head  inside  the  tube,  and,  tliercfore,  without  cutting 
off  any  material  j>orlion  of  tbe  light  In  observation,  ho  must 
stand  at  the  up])cr,  or  ontor,  end  of  Uie  tube,  and  look  into  It, 
his  back  being  turned  towards  tlio  object.    From  his  looking 
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dtrecBj  iDtn  the  ruirrnr,  it  was  nUci  cnlled  the  "ftont^vjew" 
telsGoope.    Tlio  great  disadvaiitago  of  tlib  arrangetaent  is  that 


na,  U.— n«nebeIUn  tgleKopc 

the  rays  cannot  be  bronglit  to  an  exact  focus  when  tliej  are 
thrown  eo  far  to  oiio  side  of  the  axis,  nndlbe  injur}'  to  the 
definition  is  m  grent  that  the  frontview  plan  has  ]ong  been 
eatirvl;  abundoned. 

TIte  A'ewkinian  Teleia>pe.'~-T]iB  plan  proposed  bj  Sir  Isaao 
rton  was  to  place  a  Bmall  plane  mirror  just  inside  the  fo- 
tinvlincd  tu  tho  tvlcscupu  at  an  angle  of  45°, bo  aa  to  throw 
the  rays  to  tlie  side  of  tlte  tube,  wliero  they  come  to  a  focus, 
and  form  tlio  iniage.  An  opening  is  made  in  tJie  side  of  the 
iwbe,  jurt  bulow  where  tlio  imago  is  formed  in  which  Uio  oye- 
piece  is  intertcd.  This  mirror  cnta  off  »omo  of  tlie  light,  bnt 
not  enongh  to  bo  a  Mn'iotis  defect.  An  improvement  M'hidl 
Immds  tliis  defect  has  been  made  by  Profuj^ur  Ucnrv  Draper, 


lII.— Ilodiionul  •hUoo  of  n  N«>IMilU  UMsMpa  Tbli  MctlOB  Aotr*  ha*  tba  lamt 
now  nj*  n-Sreitii  Ituta  thn  iitmbolle  oiltTM  H  meet  a  •mtl  n>'-In»i,-tiliir  iiriim  n  n. 
which  NpIiitM  lbs  locllnsd  |>1saB  mlfmr  UHd  ta  th*  aM  tarn  of  N°*innlui  [elf<ro|Hi. 
AflB  iBdcriolnj  *  hilnl  rtltuclluii  ttvia  m  ■>,  Iha  laji  tuna  tt  a  l>  ■  v*>r  hdiU  Iducv 
tt  lb*  tim*riil]P  bodf. 

The  inclined  mirror  is  replaced  by  a  small  rectangnlnr  priem, 
by  reilvction  from  which  Uie  imago  is  formed  very  near  the 
prism.    A  [Mtir  of  lenecs  arc  then  iuserted  iu  the  course  of 
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the  TH\9^  bj  which  a  second  image  h  formed  at  Oie  opening 
io  tlio  side  of  the  tube,  and  this  second  image  is  viewed  by 
an  ordinal^  eye -piece.  The  four  lenses  togetlior  form  au 
erecting  eye-pieoe. 

77«  OTftjorki7i  Telcsmpe. — This  is  a  form  propoeed  by  Jnmet 
Gregory,  who  prolwbly  preceded  Newton  iib  an  inventor  of  the 
rcflt'cti'nw  toleHco]>e.  Behind  the  fociii^  K  a  small  eoncftvo 
Riirmr,  R,  is  placed,  by  whieli  thu  light  is  rcflcctwl  bat:k  again 


dovm  the  tnl>e.  The  larger  mirror,  M,  lias  an  o|icning  through 
its  centre,  and  the  small  niirmr,  Ji,  is  su  adjiiKted  a»  to  form  a 
second  image  of  the  objeeL  in  thii*  opening.  This  image  is 
then  viewed  by  an  cye-picoo  which  is  screwed  into  tlie  ojteiiing. 

The  Casseffraimm  Tch^ope — In  principle  the  isame  with  the 
Gregorian,  differs  from  it  only  in  that  the  small  mirmr.  Ji,  is 
convex,  and  is  placed  inside  the  focus,  F,  so  that  the  raj's  are 
reflected  from  it  before  i-cachiiig  the  focus,  and  no  iniage  is 
formed  until  tlicy  reavh  tlio  ojK'iiing  in  tlto  lar^  mirror. 
This  form  has  an  advantage  ovei*  the  Gregoriatt  in  tliat  tlie 
telescope  may  he  made  ehorter,  and  the  small  mirror  can  be 
more  easily  tliapcd  tu  the  required  ligiiru.  It  has  thcivfon) 
entirely  superceded  the  original  Gregorian  form. 

Optically,  these  forms  of  toleecoiie  are  inferior  to  the  New- 
tonian. But  the  latter  is  subject  to  the  Inconvenience  that  the 
obsort-or  must  bo  stationed  at  the  upper  end  of  the  telescope, 
wheiv  he  looks  into  an  eye-piece  screwed  inio  the  side  of  tlie 
tube.  If  tlie  telescope  is  a  small  one,  this  inoonveuienec  is 
not  felt;  bnt  witli  laige  tetesco)>es,  twenty  feet  long  or  ni>- 
wards,  the  case  is  entirely  different.  Means  mnat  tlien  be  pro- 
vided by  which  the  observer  may  bo  earned  in  the  air  at  a 
height  cqnal  to  the  length  of  the  )n8trnmeni,and  this  requii-ce 
vonsiderable  mechanism,  the  management  of  which  is  often 
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Tonp  trouliIcMRic.  Oti  the  other  ))ati(],  t)ie  Ouwcgriiinian  t«1o- 
Mope  IB  pointed  diractly  at  tlie  object  to  l>e  viewed,  like  a  re- 
fractor,  and  tbe  observer  stands  at  tbe  lower  end,  and  looks  io 
at  the  oi«niiig  tlirough  tlie  Inri^  inirrur.  Tliis  it,  tliercforc, 
the  moat  convenient  form  of  all  in  management.  One  draw* 
back  is,  tliat  titoro  ara  two  mirrora  to  bo  looked  after,  and,uii- 
lc«»  Uie  Sgnrc  of  botb  u  porfecl.  tliu  unatps  will  be  di«tort(td. 
knotlier  is  tiie  great  size  of  tbe  image,  wbiuli  foi-ces  the  ob* 
Br  to  use  eitlicr  a  bigb  magnifying  power,  or  an  eyo-pieoe 
™f  corre^nding  eize.*  But  tlicM;  defects  are  of  little  impor- 
tonoe  compared  witli  the  great  advantage  of  convenient  use. 

I  5,  Tfte  Principal  Grml  Itrjkrtiny  Tckxopfs  of  Modem  Time». 

Ttie  reflecting  lelescoites  made  by  Kewton  and  his  oontem- 
ponuies  were  very  suiall  indeed,  none  being  more  than  a  few 
fucbsB  in  diameter.  Though  vastly  more  manageable  than  tho 
immensely  long  refractors  of  Uayghens,  tliey  do  not  seem  to 
h»vo  exceeded  thoni  iu  cflfoctivonc**.  We  might,  tliorcfore, 
have  expected  the  n<;hrontatiti  telescope  to  supersede  the  re- 
flecilor  entirely,  if  it  could  bo  made  of  large  size.  But  in  the 
time  of  E)ollond  it  was  ini possible  to  prodnco  disks  of  flint-glass 
of  Miflicient  uniformity  for  a  IcluKcopo  more  than  a  very  few 
inches  in  diameter.  An  achromatic  of  four  inches  aperture 
WB«  then  eoit«idercd  of  extraordiimry  siise,  and  good  ones  of 
more  ttian  two  or  three  inches  wei-e  rare.  Consequently,  for 
tJio  purpose  of  HKing  tho  moet  faint  and  diflicnlt  objects,  tho 
earlier  achromativs  were  little,  if  any,  better  than  tlie  long 
teleeoopes  of  nuygheiis  and  Caspini.  As  there  were  no  sncli 
otistaolcs  to  the  polishing  uf  largo  mirrors,  it  was  eluar  that  it 
was  to  the  reflecting  telescope  tlmt  njoourso  mii«t  be  hail  for 
any  great  increaHo  jn  optical  power.  Before  the  middle  of 
Uie  last  centur>-  the  reflectors  were  little  larger  than  the  re- 
fractors, and  bad  not  oxocedod  tliem  in  their  optical  |)orform- 
aneo.  Btit  a  geniuH  now  arose  who  was  to  make  a  wonderful 
improvement  in  their  con§tJuctioD. 
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lYilliain  ner»die),iD  1760, was  a  chnrcb-oi-jtaiiiet  atid  tCA«:)v- 
or  of  iniiftic  of  very  liigli  rapiito  in  Btttii,  who  »j>cnt  wliat  lictlo 
leisnre  lie  had  in  tlie  Btiidy  of  mstheinntics,  wtt'onotny,  nttd 
optiu&  By  accidoiit  a  Grogoriiin  reflector  two  feet  long  fell 
into  liis  liatKl»,iiii<1,  turning  it  to  the  heavens, he  wiu  soeiirapt- 
ui'cd  vritli  the  views  pi«6eiiled  to  him  that  lie  sent  to  London 
to  »uc  if  he  eonid  not  puivhaea  ono  of  grcatoi'  power.  The 
price  named  being  far  above  hU  tnean»,  he  resolved  to  make 
one  for  himsolf.  After  many  ox]>erimonts  with  metallic  al> 
loys,  to  learn  whicli  would  i-cflcct  moitt  li^ht.  and  many  efforts 
to  find  the  best  way  of  poIii>liing  his  mirror,  and  giving  it  a 
|Miraljulie  funn,  ho  produced  a  tivc-foot  Newtonian  reflector, 
trhiirh  revealed  to  him  u  luunber  of  interesting  cclc«tial  \A\,ty 
iiomeii a, though,  of  coarse,  notliing  that  was  not  alroiidy  known. 
Determined  to  aim  at  nothing  )cs6  than  the  largest  tole6GO)>e 
tltat  could  l>o  made,  he  attempted  vn»t  numbers  of  mirron  of 
OoniitaDtly  inureoaing  aize.  Tlie  large  majority  of  the  individ- 
ual  attetnpta  woi«  failure*;  but  among  the  results  of  tlic  sue- 
ve»»fnl  attempts  were  telex-opcit  of  conntimtly  iiiercMMitg  giw, 
until  he  attained  the  hitherto  nntliought-nf  aperture  of  two  feel, 
with  a  lengtli  of  twenty  fcot.  Willi  ono  of  these  ho  diwov- 
ored  tlie  planet  Uranii».  The  fame  of  the  niiuidan-nAtrono- 
mer  reaoliing  the  ean>  of  King  George  111.,  that  monarch  gave 
him  a  pension  of  £200  per  annum,  to  enable  him  to  devote 
hi»  life  to  a  earocr  of  n#tronomicat  discovery.  Ue  now  made 
the  greatest  fitrido  of  all  by  completing  a  refluclor  four  feet 
in  diameter  and  forty  feet  long,  with  which  tie  discovered  two 
new  «itellites  of  Saturn. 

Ilei-schel  now  found  that  Iio  had  attained  the  limit  of  man- 
ageable Bize,  The  observer  had  to  t>e  euHjieiided  pcrhapo  tliir- 
ty  or  forty  feet  in  tlie  air,  in  a  room  large  enongli  to  hold,  not 
only  himself,  but  all  the  nieati#  ncueNMiry  for  i-ecoriling  hi« 
obierrntiona ;  and  this  room  had  to  fullow  the  tcleecogie  aa  it 
moved,  to  keep  a  star  in  the  field.  To  this  was  add<.-d  the 
diiliculty  of  keeping  the  iniri-or  in  proiter  tigiire,  tlio  mere 
dtaoge  of  tcmpcratm-o  in  the  night  operating  injuriously  in 
this  respect.     Wu  need  not,  therefore,  be  sLn-pri»ed  1o  leant 


I 


*  1Iftnelwr>  grtat  inttrammi  li  ■till  prwcrtoJ,  hue  la  not  mouiiMd  Ibr  uh; 
I  InilceJ.  ii  It  (irobnble  ihnt  Ilic  mirrur  loti  nil  iit  Initio  long  toni*  nip.     In  18B0t 
^  Jolin  llonchd  ilUmounlcJ  ll.  InU  It  tii  a  lioriionuil  pMllion,  anil  rloMH]  it  up 
diet  >  fiwilr  cclehnuiori  iiKiJn  the  tulie.  ut  ulilcli  iho  fvllowiiiz  tonj:  nn-  tuns: 

TUB  OLD  TKLBSCOPK. 
HV  b  MW  «•  Xw^wr'MH.  lUft-'M  6)1  />|N.  IbfMM,  Madam*  flfrbiMt.  and  all  (Ai  1.<M 

'n  (ti*  old  TUnCDpf**  lulM  wa  tit. 
nd  tti«(hai]raurili»[nMl  amind  •!■  Hit: 
III  nqalom  «li>;t  vb  kIUi  aboni  mid  illu. 
nnt  ilio  vld  r**rfiHnDDl.ivod  tbo  Dcwciinwalo. 
OkentL— Mvrriljr.  nivrrttr  Id  n*  til  ilnc. 

And  mnkB  thfiild  laliKi'pc  mlllr  lod  flag  I 
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The  only  immediato  eiicceseor  of  Sir  William  Ilei-scliol  in 
tbe  construction  u(  great  tcIoKcopuH  was  his  eon,  Sir  John  Unr- 
ediel.  Btit  Uie  latter  made  none  to  equnl  ttie  largest  of  hit 
father's  in  eizo,  and  it  is  doubtful  whether  they  exceeded  them 
in  optical  power. 

The  first  decided  advance  on  tlio  great  telescope  was  tl>e 
oelebratvd  reflector  of  the  Earl  of  liosse,*  at  I'nreonetown,  Ire- 


Fnll  fldf  f  Bin  did  ia  loogb  rI  llic  ftnrm. 

And  ihv  blurt  maid  mt  (bsko  bli  niajintic  term  i 

Ctow  prone  ho  IIimi,  ithei*  b«  once  Hood  bljtli> 

AndisiirTliBdIbcdHpbn»SD«lUlbl*bMtd,brl|bl«f«. 

Tbnn  ore  uriiiiiluri  iii>  IWIur  •i|;hl  boi  aeeo, 
Whlcli  mIUiJii  itili  UliIIuw  iian  (ilclurcd  bseoi 
U'bLc-U  luurLiil  rvrurd  cui  (]D««r  racnlL 
Aod  am  Ici^'Wb  lo  Ukm  only  wbo  mado  IbDUi  AlL 
CAonu Uarrltgr,  lairillf,  stc.clc 

llflrff  wntcbtd  our  f^tbcr  tbo  vEiiiry  D[;;bt. 
Aud  li1>  gun  bu  Ii»u  fed  with  picudjimlle  ngbL 
III*  laban  wet*  ll||hiuiicil  by  ilnuil)!  Iut*. 
Aud,iiBlUd,Ibcy  (Lmlusd  lliolt  vlduLii  «l>ut«. 
netut.—Ucnilj,  mcrrllT.  old,  tl& 

Ho  bai  alrotcbid  Iitio  qulotly  down,  nl  IrnElh, 
Tu  b*>k  lo  lb*  lUillKbi  Ul>  kiUiil  •irrij£ih , 
Aoil  TiRW  (bull  hctt  a  (uuctt  monil  Had 
Fot  bli  ilccl-deviiurlns  (oolb  tottrtbd. 
Churiu.—UDiTll]',  motrilr,  Mt,  alt 

1I«  will  i^riod  l(  nt  l»t.  M  triad  It  h*  mn*t, 
Ad4  lubnu  lud  III  Ifon  (hnll  hocUy  nud  nwtl 
Dot  itatbloM  met  ilutll  mil  nwiy. 
And  anitBro  lu  Ftniuc,  sud  )u  lurm't  doci7. 
Ckoraa.— JlotTlly.  morrllr.  «lc.,  oW. 

A  n*w  )rrar  dawn*,  and  Ibo  old  jmr't  giart  i 
Qod  amd  II,  K  bnppy  ont  UkolholME 
tA  liilla  non  aiui  and  i  Utile  Inu  nla 
T9  uio  ni  fram  conKb  and  ibaomiilc  pklo). 
CSanit,—iln^ly.  inanll}.alt.,*lr. 

Odd  GrsDt  tbtt  111  end  tbia  iiroap  maji  And 
la  lovr  and  la  bstmoii;  foniUy Joined; 
And  thnl  aijiDO  of  as,  llfl;  ycara  hruct,  oDce  taon 
Stay  mnte  ibc  old  ToloacBpo'i  tcbooi  rou. 
ClionM.— Horril;,  merrily,  at.,  etc 

■  Wllllnm  FaTWni,  thfnl  Enri  nf  Ttamt,  the  oriKinol  mnflracior  of  iki«  ule- 
•eopt,  died  In  1807.  Ths  woik  of  tbn  liuuwnmt  la  oontinuail  \>y  bU  *on,  ibv  pra*> 
««  oarl. 
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,  land.  Tlio  »{>rctilrun  of  tliis  tclcioopc  »  iix  foot  in  i]isiiioler, 
iind  »boiu  tifty-foiir  feet  focal  lenj^Ui,  ami  uut  c«ht  in  1^42. 
Oiie  of  Uiu  gi-cat  improvements  mnde  b^  the  Earl  of  Ko«e 
llic  introdmrtiori  of  Htcaiii  miichiiR-r)'  for  grinding  and 
•liitig  the  graat  mii-ror,  an  insktrrimviitHlit}-  of  wliicii  Hur- 
schul  oould  not  avail  bimself.    The  monnting  of  tliis  telescope 

.  is  deeidodi}-  difTvrcnt  fruin  that  a<lopt»l  l>v  Ilcivchel.  The 
tdeMOpo  is  i>lnc-ed  bctn-ccn  two  wall*  uf  mnaonry,  which  only 
allow  it  to  more  about  10"  on  each  side  of  the  meridian,  and 
it  Itim«  on  a  jiivot  at  the  lower  end  of  the  tribo.  It  ie  moved 
iionli  and  south  in  the  meridian  by  an  iiigcniou*  oombinatioa 
of  chains,  and  may  thus  bo  eot  at  the  pular  dUtance  of  any 
star  which  it  is  roqaired  to  observe.  It  is  then  moved  slowly 
towards  tho  west,  go  ■•  to  follow  the  »lar,  bv  u  long  screw 
driven  by  an  immense  piece  of  clock-work.  It  is  commooly 
(isfld  as  a  Iscwtoninn,  the  observer  looking  into  tlio  sidu  of  tlio 
tabe  near  the  ii|>i>er  «nd.    To  ctinbio  Iiiiri  to  reach  the  month 

>  of  the  (nbe,  various  systems  of  movable  platforms  and  st^ng 
are  employed.  Oiil<  of  tliu  plnlfonns  is  enejwndvd  eoiilli  of 
llw  pier»:  it  extendi  ca«t  and  we«t  by  tlic  distance  between 
the  walls,  and  may  be  raised  by  machinery  eo  as  to  be  directly 
imder  tho  month  of  the  iclcsoopo  eo  long  as  the  altitnde  of  the 
latter  M  IcM  tlian  45°.  When  the  altitude  itt  greater  than  ihi;, 
tin  observer  asuendi)  a  stairway  to  tlie  top  of  one  of  the  walls, 
wlierv  he  mounts  one  of  scvvral  (sliding  stages,  by  which  tie 
can  bo  carried  to  tho  mouth  of  iJic  lelesco|)c,  in  any  position 

,  of  the  Utter.  This  inslniment  has  been  employed  principal- 
ly in  making  drawings  of  Innnr  sectien,'  and  of  tho  plunots 
and  nobiilie.  hi  ^i^at  light-gnthvring  power  itcculiarly  lit«  It 
(or  tlw  latter  object. 

OOtcr  BefiKlni'j  Tcktcopa. — Although  no  other  reflector  ap- 
proaching the  great  oiie  of  the  Kai-l  of  Itosso  in  iita  has  over 
been  made,  some  others  are  wortliy  of  notice,  on  acoonnt  of 
tiieir  i>orfcctJon  of  Hgura  and  the  iniiwrtancc  of  the  di««ov* 
erioa  made  with  them.  Among  tiieee  the  firttt  place  is  doe  to 
di«  groat  rofloctors  of  Mr.  William  Las£oll,of  England.  This 
gciiilcnian  madr  a  rctlector  of  tifo  foot  uperliii-c  about  tlto 
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Bame  time  tliat  Rosse  constrncted  IiU  imineneo  oix-foot.  The 
perfection  of  figure  of  tho  mirror  was  evinced  by  the  discor. 
er;  of  two  eatotlitCB  of  Uranuis  which  had  been  previously  un- 
known  and  unseen,  nnles«,  as  ih  potuible,  I!er»chel  and  Strtive 
caught  glimpses  of  them  on  a  few  occa&ions.  lie  afterwards 
made  one  of  four  foot  aperture,  which,  in  1863,  hu  took  to  tl>o 
island  nf  Malta,  where  he  loade  a  terics  of  obeervatioua  on 
Batcllitce  and  tiebuls. 


wr 


r-- 
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In  1870,  a  roflectiog  tolescopo  four  feet  in  diameter,  on  the 
Oaacigrainian  plan,  waa  made  by  Tliomo*  Grubb  &  Son,  of 
Dnblin,  for  tlio  Obiorvatory  of  Melbourne,  Australia.  This 
liistriiment  is  remarkable,  not  only  for  its  perfection  of  figure, 
but  as  being  probably  the  nio«t  cuKily  managed  large  rcflcvtot 
evvr  made. 
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The  only  Amoncnn  wlio  ever  siiocessftillv  imderUiuk  liie 
owKtrnctiuu  of  largo  roflci:liiij;  telfsuupeB  was  Uio  late  Pro- 
fc««ur  Hcnrj'  Dni]>cr,  of  Nuw  Yurk,  wlio  liad  odc  of  twciity- 
eiglit  iiivtics  aperture,  llie  irork  of  lii«  own  lianda.  This  iif 
etriimctit  wns  nioiinlod  nboiit  ISH  in  the  owiiit'e  |>rirato  ob- 
aetvtitoTy  nt  Ilaatiiig*,  on  the  lludsuii.  Tiie  mirror  i«  not  of 
speculum  inelal,  liut  of  sitvcrod  gla^fi,  and  is  alniost  jierfci:!  in 
figure.  TUii  tcl«<;o|>o  Irn*  been  pi-inciiuLtly  om[i)«jcd  i»  mat- 
ing phologmplis  nf  celestial  objecM,  and  can  l>e  ii»ed  either  as 
a  Nevrtouiaii  or  a  Ca^M'gniinian. 

In  1876  a  Kilvtii'ud  gtiuui  retloeliiij;  ivluMoiJir,  four  feet  in  di- 
aiiicivr,  made  by  Mr.  A.  Martin,  u-a»  mounted  at  the  Paris 
observatory.  The  inachtnory  fur  supporting  and  moving  tlii» 
tdeeoopo  lKtin»  in  some  ro#pc(.^l6  j)ociiliar,  wo  itrcecot  a  view 
of  it  iu  Fig.  43,  on  the  pi-ec-eding  ]Mige.  It  lia«  never  bcciii 
BUcoeasfnl  in  forming  good  iinagee  of  the  eCara;  bnt  it  is  not 
known  whether  tlic  defect*  an)  in  the  figure  of  tlia  mirror,  or 
Ktso  from  defective  mctboda  of  ftni>[>orttiig  it. 

Mr.  A.  A.  Common,  of  Ealing,  En|;;laiid,  h  the  |)oeHC««or  of 
one  of  tlio  meet  sncecsefid  roflcaing  tolcsuopcs  of  llie  pi-e^nt 
day.  It  is  tlie  joint  work  of  himself  and  Mr.  Culver,  and  is 
thirty-seven  inches  in  diameter.  Like  other  reocnt  reflectors, 
it  b  of  silvered  glatt.  It  lias  been  piineipally  employed  in 
pliotograpliing  ncbitlfe  and  other  celeeiiu)  objects,  a  work  in 
whieli  its  owner  has  been  remarkably  siicecssfiiL 

§  6.  Oreal  Rrjracting  Tcleicopet. 

We  have  already  remarked  that,  in  the  early  days  of  the 
achromatic  telescope,  its  progi-cs*  was  hindered  by  the  diffi- 
culty of  making  lai^  disks  of  flint-glass.  About  the  bc^ii- 
ning  of  ihc  prcwnt  centnry,  Gninand,  a  Swii«  moclianie,  aftet 
a  loiig  series  of  espenmenis,  discovered  a  nietliod  by  which 
In  eould  produce  disks  of  flintglase  of  a  size  before  nnlicard 
of.  The  <'oIebrated  Frannhofer  wa»  then  commencing  busi- 
DOMM  an  optician  in  Munich,  and  iicaring  of  Guiuand's  enc- 
cess  induced  him  to  come  to  Mmiich  and  commence  tlio  man- 
tihcture  of  optical  glass.    Frannhofer  wa«  a  physicist  of  a 
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to  the  Pnlkowft  ObMirrabory,  in  RussiA;  nml  lli«  otiier  \vm» 
I>urcba8cd  by  a  eubscription  of  citizens  of  Boston  for  the  ob- 
wrvatory  of  Ilari-ftixl  Utiivumty. 

No  ri™l  of  tiie  liouiie  of  Frnuiihofer  in  the  comtriiction  of 
gn^  rcfr&utors  aroso  tmtil  ho  hud  been  dead  thirty  years,  and 
tlicn  it  arose  n-horo  leant  (.-xpcctod.  In  1846,  Mr.  Alvaii  Clark 
was  a  citiset)  of  Caiuhrid^port,  Maseachnftetti>,  unknown  to 
&nie,  wlio  made  a  modc&t  livcUbood  by  pureoing  the  self- 
tAtight  art  of  jwrtralt  -  painting,  niid  bi^iilod  liiti  leitnrtt  by 
the  cORStrnction  of  small  teles(:o{>ee.  Though  without  the 
advantage  of  a  mathematical  cdiicalioi),  ho  had  a  perfect 
knowledge  of  optical  principles  to  just  the  extent  necessary 
to  enable  him  to  make  and  judge  a  lel^eope.  llavinj^  been 
led  by  accident  to  attempt  the  grinding  of  looses,  hu  eoun  pro- 
duced objectives  ociiinl  in  (itiality  to  any  o^tir  made,  and,  if 
lie  had  been  a  citizen  of  any  otiier  civilized  conntry,  wonld 
have  found  no  diBiculty  in  establishing  a  reputation.  But 
he  had  to  atniji^lc  ten  years  with  tliai  neglect  and  inero- 
dnlity  which  io  the  common  lot  of  native  genius  in  thU  coun- 
try ;  and,  extraordinary  as  it  may  seem,  it  n-aa  by  a  foreigner 
that  his  name  and  powers  woro  first  brought  to  the  notice 
of  the  astronomical  world.  Itov.  W.  R.  Dawes,  one  of  the 
leading  amateur  n«tronomor«  of  England,  and  an  active  mem- 
ber of  tlie  Royal  Astronomical  Society,  purchased  an  object* 
glaSB  from  Hr.  Ckrk  in  1$53.  lie  found  it  so  excellent  tliat 
in  the  course  of  the  next  two  or  tJtreo  yearii  he  ordei'ed  several 
others,  and,  tinally,  an  entire  telescope.  He  also  tnade  several 
oommtinieationfi  to  the  Astronomical  Society,  pving  lists  of 
dilHoult  double  stara  delected  by  Mr.  Clark  with  telescopes  of 
his  own  construction,  and  showing  that  Mr.  Clark's  objectives 
were  nlmo»t  perfect  in  detinition. 

The  reiiult  of  thi»  wa$  tlint  Uie  American  artist  began  to  be 
appreciated  in  his  own  country;  and  in  lfi60  he  received  an 
order  from  the  University  of  Mi»»i«tippi.  of  which  Dr.  F,  A. 
P.  Barnard*  was  then  presidentt  for  a  refractor  of  eighteen 
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iiidios  apertitra,  wlilcih  wm  Uirco  iiiulic»  grostor  than  the  Inrp 
est  llifit  IimI  tLon  been  inadn.  Dvforc  t)io  gliiM  wta  t]ni#lic*d, 
it  waa  maJc  fftinoiis  i>y  tlie  discovery  of  llie  oompanJon  of 
Siriiifi,  a  fiitcccee  for  uliidi  tliu  I^iliitido  iiioJnl  was  axvnnleJ 
by  the  French  Academy  of  Sciencca.  TIio  Univereity  of 
Mif«ieBtppi  n-a«  pi-oveiitod  fi-oni  taking  thi»  telescojiu  by  lliu 
oiril  wai'.  It  \<!»»  »o\i\  to  the  Astronomical  Society  of  Chi- 
ca^,  and  is  nu\v  monnted  nt  the  Univemity  In  rhnt  city. 

The  constindion  of  tliig  telescope  was  the  first  of  a  series  of 
works  by  Mr.  Clark  and  his  two  sons  wliidi  ha^'O  i-evohitioii* 
ised  the  opticnt  branch  of  aslixmoniy ;  yet  Iho  linn  liad  to  wait 
eiglit  years  after  the  coinplctiuii  of  the  Chicago  leleecojic  be- 
foi'o  n  larger  one  was  ordered.  Two  gi-eat  one*  were  then 
mmlo  at  (he  ftntnc  lime. 

L'p  to  ISiO  ihe  Xaval  Observatory  of  the  United  Slates  had 
no  large  te!ti»co|Ki  except  a  Mtiiiidi  rc-fructor  of  nine  and  a  half 
indis,  Midi  .-IS  Fraiinhofer  used  to  make  cnrly  in  the  cciitiir)'. 
In  that  year  Congress  authorized  Uic  construction  of  a  tdesoojic 
of  the  Iar»c8t  «ixe,  of  Aiiiericnn  maiuifactnrc.  A  contract  wa» 
soon  after  made  with  the  tirm  of  Alvan  Clark  &  Sons  to  ooli- 
stnict  llio  telescope.  Tho  aiwrtiire  agix-od  ii[ion  was  twcnty- 
Kix  iiidic«.  Tlie  rough  di»k#  were  ordered  from  Mcssra.  (Jhanoe 
iS:  Co.,  of  Birmingliam,  Enj'kiid ;  but  so  great  was  tho  diffi- 
ciilty  of  making  largo  tniiEsce  of  glass  of  tho  necuseary  pnrity 
tliRt  tJiey  did  not  arrive  nnlil  Deecmher,  1S71.  The  wort  of 
figuring  and  polishing  them  was  eommoneed  imnicdiatdy. 
Tlieglacecs  were  eomplcted  in  October,  18T3,nnd  llie  remain- 
der of  the  instrimtent  during  the  year  following.  It  was  RnaU 
ly  mounted  and  ready  foi-  observation  in  Novcmbei-,  187S. 
Tins  telescope  hits  since  become  famonft  throiigli  the  diac-ovcrjr 
of  the  satellites  of  Mara. 

When  this  tdescopo  was  oi-dcrod  from  Ihe  Messi*.  Clark 
they  wci-c  ni'^tiating  with  Mr.  \,.  V.  McCormick,  of  Chicago, 
for  H  telescope  of  equal  sise.  This  instrument  has  since  bcoi) 
completed,  and  prosciiccd  by  its  owner  to  the  Uni^'c^sity  of 
Vii-ginia,  where  ii  u  doing  good  work  in  the  hands  of  Pro- 
fessor Ormond  Stone. 
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For  eonic  ton  yean  tI*o  Wa»liiriglon  tolmcoixt  u-as  llie  i;rcat- 
eu  refmotor  of  tlie  world  in  aclunl  iiso.  The  »i'dcr  fur  «i) 
iiietrnmcnt  vliidi  ehonld  oxoeed  it  in  a|>crtnre  came  from 
Kiiseia.  Tiiu  great  t■!l^ul'V(llury  <>f  Piilkovra,  cornplutod  alxint 
1$40,  i#  among  tlie  nio&i  sitcccesfiil  of  llie  world.  Irs  leleecnjjv 
of  fifteen  iiitdiee  upcriure,  tlio  twin  brother  of  the  IlarTHrd 
Cullc^  telescope,  tlioii;;h  a  mntvel  \v)ien  it  wtu  ot'ti j.| nii-lcd, 
was  far  outdone  hy  tim  tcleevuiJee  of  recent  times.  In  l^TS 
llie  Government  authorized  a  much  Inrgcrono;  nnd  tliu  iiiear 
fullowing,  (ifior  A  *  Uit  liy  Director  Strnve  to  ihu  |>riiici[>ii]  ojtti- 
eal  cetabliBlimcnis  of  Eiiru|>o  and  America,  it  «as  ducided  to 
order  an  objective  of  thirty  inc)i«a  Hjiertiira  fixiin  tlio  Mi-»ki'«. 
ClaHc.  The  latter  ordei-ed  the  roiiffli  disks  from  Foil,  of  Paris. 
Moi-e  than  two  years  wore  roqiiiix-d  for  their  sncecsefn]  fonnd- 
InfTi  so  that  the  objectiro  was  not  linally  eoinplvled  iitiltl  1SS3. 
Ill  1884  tlio  inoiniting  was.  erBeled  by  the  celehi-Ated  linn  of 
Re|«olds,iii  llanibin-g,  nnd  the  telescope  ivas  in  «iiecci96fiil  tise 
ill  the  summer  of  1SS5. 

The  Oreai  Lick  Tt.i«9Cope.~\x\  1874  Mr.  .Tames  Lick,  n 
wealthy  i«sident  of  San  Fmncisco.  made  iiiran^niciits  for 
fotmding  an  ob«crvntory,  to  contain  the  largest  and  ino«t  ])uw> 
erfnl  telcdcojic  c\er  made.  The  Ic^l  cuinplicntions  which 
followed  Ilia  dcalli  in  1876  retjnircd  fonr  renra  for  their  set- 
tlement, and  it  was  not  until  1880  that  a  contract  was  inado 
Willi  Alvan  Clark  $i  Sons  for  an  objoctivo  of  thirly-«ix  incbee 
aperture.  Feil,  of  Paris,  was  the  only  jiorson  who  coitid  hoi>e- 
fnlly  midoi'take  tliu  cMting  of  disks  of  eiich  ttizu,  and  be  fotmd 
lokk  to  ditliciilt  that  it  n-aa  not  until  1SS5  itmt  both  diftks 
completed.  Their  quality  was  so  fine  that  tbo  Clarks 
had  tbo  objectim  ready  for  delivery  in  November,  1886. 
Tlic  mounting  of  the  tclocope  wa«  made  by  Warner  A  Swa- 
lej,  of  Ck'vcliiiid,  and  tliu  great  telescope  was  pnt  into  pince 
on  Monnt  Uamilton  in  the  enmrner  of  1888. 

Tlie  American  artists  have  nut  been  without  worthy  rivals 
abroad.  In  ISfiD  Thomas  Cooke  ii  Soud,  of  England,  made 
&  Sft-ioch  teleeeopo  for  Mr.  I{.  S.  Newall,  wbicli  was  for  a 
few  yean  the  largeet  refractor  in  existeiwe.     In   ISS2  Mr. 
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Howard  Gnibb,  of  Dublin,  completed  a  S7-inc1i  telescope  for 
the  Vienna  obwrvaiory.  Finally,  in  18S6,  (tie  brotliors  Ueiiry, 
of  Parie,  completed  a  30-incli  glai«  for  tlic  obeei-vntorj'  of  Nico^ 
Fmiicc. 

The  Lick  tcle«t;o|)o  i«  not,  Iiowcxr,  lifceljp  to  bo  soon  tar- 
poMcd.  Tlio  great  cost  of  a  larger  imtromcul,  the  difficnity 
|0f  ca&ting  large  disks,  aud  the  recent  dcatli  of  Fell,  the  ouly 
rtnakcr  who  has  >-et  eiiccccdod  in  making  a  good  SO-inch ' 
di«k,  must  all  combiuo  to  diacountge  any  ftpvcdj'  attontpts  in 
this  direction. 

g  7.  The  Ma/jnifijiriQ  Powers  of  lite  Two  Ctaaaa  of  TWewo/wa. 

Question))  which  now  very  iiatLiruUy  arise  arc,  Wiiich  of  thfti 
two  clas8C8  of  telescopes  we  have  described  is  the  more  power- 
ful, the  rcfieotor  or  the  refractor  \  and  is  tliero  any  limit  to  thSd 
magnifying  power  of  cither  i    To  these  qucstUiiis  it  \i  difltcult  > 
to  return  a  doddcd  answer,  because  caeh  c1h(«  hiu  itH  peculiar 
advantages,  and  in  each  claw  many  difficulties  lie  in  the  w«] 
of  obtaining  tlie  highest  magnifying  power.    The  fact  is,tbat1 
very  osaggcratod  ideas  of  the  magnifying  power  of  great  telo- 
sco]*!*  are  cnterlnincd  liy  the  public.     It  will,  therefore,  be 
instructive  to  state  wtiat  the  circumstances  are  which  prevent 
these  idcao  from  being  realized,  and  what  llic  conditions  on 
on  which  the  seeing  jiower  of  telescopes  dependii. 

We  note,  tirst,  that  when  we  look  at  a  luminous  point — a  star, 
for  instance — without  a  telescope,  wo  sco  it  by  tho  aid  of  the 
cone  of  light  which  enters  the  pu]iil  of  the  eye.  Tho  diameter 
of  the  pupil  being  about  one-tifth  of  an  inch,  as  much  light 
from  the  star  as  falls  on  a  circle  of  this  diameter  is  brought  \a\ 
a  focus  on  the  retina,  and  unless  tliis  (inantlty  of  light  i»  suffl* 
cient  to  be  perceptible,  the  star  will  not  bo  seen.  Kow,  we 
may  liken  tho  telescope  to  a  "Cyclopean  eye,"  of  which  tlio 
object-glass  i»  the  pupil,  because,  by  its  aid,  all  tho  light  whicl 
falls  on  tlie  object-glase  is  brought  to  a  focus  on  the  rctini 
provided  thnta  siifllcicntly  small  eye-piece  is  used.  Of  ooiirst^l 
we  must  except  that  portion  of  the  light  which  is  lost  in 
ing  through  the  glasses.  -  Since  the  quantity  of  light  wbii^l 
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I  on  n  fiur^ce  is  jiroportioiml  to  the  extent  of  the  siirFace, 
tliorofoni  to  thu  tt'iUBii;  of  JU  dlaiiiuCvr,  it  fullous  tliat, 
beentMO  a  tclcMope  of  oiie-iimh  clear  ftjwrtiire  liw  tivc  time* 
the  diaiiieler  of  the  pupil,  it  will  »(l[iiit  2S  timee  the  li^it;  n 
ftix-indi  will  admit  000  times  the  light  whiuli  thu  pupil  will; 
tiid  so  witli  any  other  apertare.  A  tiar  viewed  with  the 
toles<:o{>o  will,  thorefore,  appear  hri^hter  ttiim  to  Itic  nnkcd 
e)'o  ill  pruportiuii  tu  tlte  equan;  uf  the  ajjvrliiiL'  of  t)iu  iii- 
stramciit.  Itiit  the  star  will  nut  Iw  mn<;ntticd  like  a  piniiet, 
bevanse  a  point  IB  only  a  point,  no  innttcr  how  often  we  mul^ 
tipir  it.  It  ie  Into  that  a  bright  star  in  the  toloecopo  some- 
timcH  ap|>car»  to  have  a  ))eix%ptihle  di8k;  but  this  \»  owin^  to 
various  iin))C'rfectioiis  of  the  iinn^,  having  their  origin  in  tlie 
lur,  the  iitstruiui-nt,  and  the  vyc,  ull  of  which  have  llto  cITcot  of 
tltghtJy  Kattcriiijt  a  portion  uf  tlte  li^ht  wliidi  uomett  fiiim  iho 
ttar.  Hence,  with  perfect  \ision  the  apparent  brilUaiiey  of  n 
ttar  will  ho  proportional  to  the  eijiiait!  of  tho  iipiirtnro  of  tlie 
Isloeoope.  It  is  said  thai  ^ir  William  llersehcl,  at  a  time  when 
hy  ncoident  Ins  tele8co|>e  wa&ao  pointed  tljnt  Siring  wait  alioiit 
to  enter  iu  lieM  of  view,  was  first  apprised  of  what  wns  com. 
ing  hy  tho  appearance  of  a  dawn  like  the  inoriiing.  Hie  light 
inercivred  rapidly,  nntil  the  »tar  it^lf  appeared  with  a  drizzling 
iplcndor  wlii<di  reminded  him  of  the  rieing  eiin.  Indeed,  iu 
any  good  tclesoopo  of  two  feet  aj-crtnrc  or  npwarde,  Slrins  is 
sn  almost  dazEling  ohjcet  to  an  cyo  which  has  reMcd  for  8onio 

»time  ill  darkness. 
Bnt  in  onlor  that  all  tJio  light  which  falls  on  tho  object- 
glae«,  or  niirr^jr,  of  a  lclc'scci]ie  may  enter  the  pupil  of  the  eye, 
il  16  neceBeary  that  tho  magnifying  power  bo  at  least  equal  to 
■  iho  ratio  which  the  aperture  of  the  telescope  bears  to  that  of 
B  flie  pupil.     Tho  laMcr  is  generally  about  one-fiftli  of  an  inch. 
W  Ve  muBt,  ihei'eforc,  employ  n  iniignifyitig  [tower  of  nl  least 
live  for  every  inch  of  aperture,  or  wo  will  not  get  the  full  od- 

■  roatage  of  our  ohjecl-glaw.  The  reason  of  tliis  will  bo  appar- 
mit  l^  studying  Ki^.  2^,  pL  111,  from  which  it  will  be  seen  that 
a  pencil  of  parallel  mys  falling  on  tho  ohjcct-glase,  and  pas»- 
bg  through  tlic  cye-pieoc,  will  \vi  ivdnoed  in  diameter  in  tho 
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ratio  uf  the  foi-nl  iliMance  of  llvo  iilijecti'o  tn  lliat  of  Ihc  eyo- 
[lii'w,  wliic-li  is  ilitt  taiiiG  B»  lliG  iiinjriitfytii};  I'liwur,  Ktir  jn- 
eit»iii^c.  if  to  A  S4-iiidt  lok«(H.i]>u  wu  hIIhcUi'iI  mi  «yo-picvc  »o 
Inr^  tlmt  tlio  mnr^nifyiii^  jMiwcr  was  i>t)1y  4S,  and  pnititetl  it 
(It  n  Mnr,  Uie  "  cmorgfiit  pencil  "of  iii_v»  fmm  l!ic  cye-iiicto 
u-oiild  bo  half  All  iiiuli  in  diiuticlcr,  niul  \\w  nlmlu  of  them 
voiild  not  (.'iitfii'  the  ])ii[>il.  In  nrdui'  thn'  all  l1ie  Iijrtii  fallin| 
on  n  S4.indi  glass  may  cnlcr  tlic  ojl'.  tin-  inii;;iiifyiii^  (mwu 
muBt  be  at  least  130. 

Still  anotlicr  cause  whicli  places  a  limit  to  the  power  of' 
tiitvecopus  16  diffi'Hctiori.  Wlicn  ihe  "cnicr]^nl  iN.Mioil"  is 
rcdiioed  below  ^  of  an  inch  in  diametei' — that  is,  when  tlto 
magnifying  power  ie  greater  tlian  50  for  every  inch  of  a|>cr- 
liire  of  llie  ubjt'i;t-glnsR — ihe  outlines  wf  evary  objevt  observed 
become  confnsed  and  indistinct,  no  matter  how  bi-ight  the  iU 
limiinatioii  or  how  pcrfiN;t  the  glass  may  be.  llio  effect  is  tlie 
tA\i\is  as  if  we  looked  tlirongh  n  tmiiill  pin-hole  in  a  card,  an 
ex))eriineiit  wtiich  anyone  may  try.  This  effect  li  owing  to 
the  diffraction  of  the  light  at  the  edge  of  the  object-glass  ■ 
minor,  and  it  increases  so  rapidly  with  tlic  niagnifyitig  powe 
that  wlicn  we  eurry  tlie  latter  above  100  to  the  indi,  tlio  in- 
crease  of  indistinctncm  nontralizcs  the  increase  of  powir  If, 
then,  we  midtiply  the  apL-rtnrc  of  the  telescope  lu  inches  liy 
101),  w«  ^-hnll  liavc  a  limit  beyond  which  there  is  no  use  in 
modifying.  Indeeil,  it  in  doubtful  if  any  real  advantnire  is 
gained  lieyond  fiO  to  the  inch.  In  a  telescope  of  two  fe<-t  (24 
inches)  a)iertm-c  iliiti  limit  wonid  bo  2400.  Snch  a  limit  can- 
not be  set  with  entire  exaclnes*;  bnt.evcn  nnder  the  most  fa- 
vorable circumstances,  the  advantage  in  attempting  to  surpatt 
a  |K>wer  of  70  to  the  inch  will  bo  very  eliglit. 

Tlie  foi-egoing  reninrk^  "t'l'^y  ''^  ''"^  '"***  i»erfect  tcleecopcB, 
nsed  imdcr  the  must  favorable  ciicnmstancee.  Bnl  tlio  beet 
telescope  ha«  imperfoclioDs  whicfi  would  nearly  always  pre. 
vent  tbo  Ufto  of  the  liigbc^t  magnifying  ))ower«  in  aslrunomtcnl 
observations.  In  the  refracting  t«lesc(>j>e  the  princi^Mil  defect 
arises  from  the  secondary  aberration  already  explained,  which, 
arii^ing  from  an  inherent  i|iiality  of  the  glass  itself,  e«nnot  bo 
obviated  by  perfection  of  workmanship     In  tlie  case  of  tbo  n> 
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flcctor,  tllo  eorresponding  dilRciulty  is  to  keep  tlie  mirror  in  jjoi^ 

•  feet  tigtire  in  c\-«ry  [Kwitioti.  A«  tlie  telcHcope  i*  ?noved  alMiiit, 
tlie  mirror  is  liable  to  bend,  throng))  its  own  woigbt  and  elas- 
ticity, to  snob  ail  oxtunt  as  groutJy  to  injure  or  du^troy  tbc  iin- 
•go  in  tlic  fovtu:  mid,  tlioii^b  tliU  linbilily  i»  greatly  diniin- 
ijied  by  the  plan  now  adopted,  of  supporting  tbe  mirror  on  n 
lyftcin  of  lovers  or  on  nn  uir-ousbioii,  it  is  gvncmlly  tronble- 
•omc,  owing  to  tbc  difHcnlty  of  keeping  tbe  appumtiis  in  order. 
If  v.'a  oompare  tbe  refi'aaliiig  and  reHct^ting  teleiiooiws  wbi<^ 

IhsTB  bitlwrto  been  nmdc,  it  is  cssy  to  make  a  oiimmary  of 
their  relative  advantages.  If  properly  made  and  attended  to, 
tlio  refractor  is  easy  to  manage,  oonvonicnt  in  nse,  and  al- 
W8^-8  in  order  for  workiiijf  witli  its  fnll  power.  If  its  greatest 
defect,  tlio  Miooiidary  «[>cotrtmi,  cannot  be  diniiimbcd  by  skill, 
noitlier  can  it  be  increiu^d  by  the  want  nf  skill  on  the  part  of 
tlie  oljsorvor.  So  important  is  this  eertainty  of  opemtion,  that 
tax  tbc  greater  imrt  of  tbc  aslroiioinintl  ubMcrvations  of  tbo 
present  century  have  been  made  with  refractors,  which  hnvo 
alwa\-s  proved  thoinsolvcs  tlic  best  working  instruments.  Still, 
tlw  defects  arising  from  the  secondary  )>{>eetnnn  are  inherent 
in  the  latter,  and  increase  with  the  apeitnre  of  the  glasi  to 

Isnch  an  extent  that  nn  advantage  can  ever  be  gained  by  carry< 
ing  tite  diameter  of  the  lenses  beyond  a  limit  which  may  be 
eomewliorc  between  30  and  36  inches.  On  the  other  hand, 
when  we  cotiflidcr  mere  see!  ng- power,  calculation  at  least  gives 
tlic  preference  to  the  reflector.  It  is  easy  to  compute  that 
Lord  Itoisc's  "  Lcvintlmn,"  and  the  fonr-foot  reflectors  of  Mr. 
ImscII  and  of  the  Paris  and  Melbonrne  observatories,  mast 
collect  from  two  to  four  time*  the  light  of  the  groat  Washing- 
ion  telescope.  Hot  when,  instead  of  calcniulion,  we  inquiiti 
what  difficult  objects  have  actually  l>cen  seen  with  the  two 
rlnairm  of  instruments,  the  iiHult  seems  to  indicate  that  the 
grtatest  refractor  i*  cfjtial  in  optical  i>ower  to  the  great  refioot- 
ore.  No  known  object  seen  with  the  latter  is  too  faint  to  be 
seen  with  tbe  former.  Why  lliis  di»crep»n<?y  Iwtween  the 
calculated  powers  of  the  great  reflectora  and  their  actual  per- 
'  fonnanee  t    The  only  causes  we  can  lind  for  it  are  impcvfec- 
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tioti»  in  tlie  figure  and  |>i>IU1i  of  the  f^reat  mirrors.  The  great' 
ivfi-sctors  are  eiibetautinlly  perfect  in  tliuir  workinaiialii]);  tlw 
rL-llcvtore  do  not  appv&r  to  b«  perfect,  tliotifrli  wtint  the  ini[jer* 
fvRttuiiH  Witiy  be,  it  is  !m|tai6ible  to  say  with  entire  certainl}*. 
Wlietlicr  tliB  great  telescope  of  the  future  shall  U-long  to  tlte 
one  olaM  or  tlie  otiier  innHt  dv[>oiid  upon  whelhvr  llie  imper- 
fections of  the  reflecting  mirror  can  ho  eompletcljr  overcome. 
Mr.Grubb,  tlie  maker  of  llic  great  Mell>onriictcki»coi>e, thinks 
ho  ha*  ecmplutcly  succeeded  in  thie,  »o  as  to  injure  a  mirror 
of  BIX,  seven,  or  even  eifiht  feet  in  diameter  which  sliaU  be  at 
perfect  as  ati  object-glass.  If  ho  is  right  —  and  there  is  lu 
iiicchatiieian  whose  opiuioii  i$  oiititlt'd  to  greater  ivntidettuo— 
tiieti  lie  has  solved  tho  problem  in  favor  of  the  reflector,  to  far 
as  optical  ^tower  is  concerned.  But  so  laigo  a  telescope  will 
be  Bu  dlQicult  to  mauipiiUte,  that  vro  luiut  still  look  to  tlto  re- 
Iractoi'  as  tlie  working  infttnimeiit  of  llie  fntnre  sa  well  as  of 
the  peat;  thongh,  for  tlie  di>4C0vcry  and  examination  of  vei< 
faint  objects,  it  may  bo  found  that  the  advantage  will  all  ba 
on  the  side  of  the  fiitui-e  gi-etit  reflector. 

The  great  fue  to  astninoiuioiil  ob«erration  ia  one  which 
people  seldom  take  into  account,  uainely,  tlio  atmoepheiv. 
Wild)  we  look  at  a  distant  object  along  tho  mn-faoo  of  the 
ground  oil  a  hot  summer  day,  wo  notice  a  certain  waviness  of 
outline,  aecoiiipaiiicd  by  a  slight  trembling.  If  wo  look  witli 
&  teiocGopc,  wo  «hall  tind  this  waving  and  trembling  magniflcd 
M  intich  as  the  object  is,  so  that  we  can  see  little  better  with 
tlie  most  powerful  tclcscopo  than  with  tho  naked  eye.  The 
can#c  of  this  appearaiiec  is  the  mixing  of  the  hot  air  iieai-  the 
ground  with  tlie  cooler  air  above,  which  uinsra  an  irregular 
and  constantly  changing  refraction,  and  the  result  is  tliat  »&■ 
ti-onomical  observations  reijniring  higli  magnifying  power  can 
very  rarely  l>e  advanlageonsly  made  in  the  daytime.  By 
night  tho  air  is  not  so  much  dtstiirbod,  yot  there  are  alM-aj-s 
currents  of  air  of  slightly  diffecent  teniperKtures,  the  cross-iiig 
and  mixing  of  which  produce  Uie  same  effects  in  a  small  do> 
groo.  To  such  currents  is  due  tlie  twinkling  of  the  HtarR; 
and  we  may  lay  it  down  as  a  rule,  that  when  a  star  twinkles 
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Ae  finest  observation  of  it  cnnnot  be  made  with  a  telescope  of 
higli  power.  Iiiittvad  of  prceeuting  tlio  appearance  of  a  bright^ 
welUdeGued  poinl,  it  will  look  like  ft  binzo  of  ligbt  iliiring 
about  in  every  diivction,  or  like  a  pot  oE  molten  boiUng  metal ; 
and  the  iiigbcr  lliu  niugnifying  power,  tlie  more  it  wilt  flare 
and  boil.  The  amount  of  thin  utmoiiplicric:  disturbance  vimcs 
ffieatlj  frum  nigitt  to  night,  but  it  is  never  entii-oly  absent 
If  no  eontinnoiiB  dUtnrbancu  of  tbo  image  cuuld  be  «eun  with 
a  [lower  of  400,  mast  aslronomerii  wotild  i-egard  the  night  f»  a 
TBi^r  gcxxl  one;  and  nights  on  which  a  ]»n'cr  of  raoi-e  than 
1000  can  be  advaiitugc-uiisly  cmplojud  a-m  quite  rait.-,  at  Icaet 
in  tliis  vliniale. 

It  hab  eotnctirncs  been  said  that  Sir  William  IlcrEcliel  em- 
plo)'cd  a  power  as  high  lu  6000  with  one  of  his  grcitt  telc- 
fco()e«,  and,  on  (he  Rtrength  of  thi»,  that  the  moon  innv  havo 
been  bronght  within  an  apparent  diBiance  of  forty  miles.  If 
«ich  II  power  w«a  iu>cd  on  the  moon,  wc  mnitt  suppose,  not 
merely  that  tbe  moon  waa  aeen  as  if  at  the  diatanee  of  forty 
milee,  even  if  nerBchcl  iised  his  largest  telescope  —  tliat  of 
four  foot  aperture — but  that  the  viaion  would  bo  tlie  same  as 
if  be  had  looked  tliron^h  a  pin-liole  its  of  At  incli  in  diam- 
eter, and  tlirongb  several  yards  of  rntming  water,  or  many 
miles  of  air.  It  is  doubtfnl  whctlier  tbo  moon  has  ever  been 
*cen  with  any  telescope  so  well  as  it  conld  be  Ho<>n  with  the 
naked  eye  at  a  distance  of  600  miles.  If  such  lias  lieen  the 
case,  wo  may  be  sure  tliat  the  magnifying  power  did  not  ex- 
ceed lOOO. 

If  seeing  depended  entirely  on  magnifying  power,  we  eonid 
not  hope  to  gain  miieh  by  further  improvement  of  the  tele- 
scope, unlcM  we  ftbonld  monnt  onr  instrument  in  some  place 
wtiere  there  is  less  atmoEpheric  distiirbanco  than  in  the  re- 
gions where  ob«orvatorie«  have  hitherto  been  bnilt.  It  it,  nnp- 
poMd  that,  on  the  mountains  or  table-lands  in  the  western  and 
nnnth-westem  r^ons  of  Xortb  America,  tlie  atmosphere  is 
elear  and  steady  in  nn  extraordinary-  degree;  and  if  tlita  snp- 
pneitJon  is  entirely  correct,  a  great  gain  to  astronomy  niiglu 
result  from  establishing  an  obwrvatory  in  that  region. 
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CnAPTER  11. 

AlinjC&TIOH  OP  TUK  TKUiSOOrK  lU  OBLESTtAt  UEAGrBmeifTtL 

8 1,  Oirdai  of  t!te  dltstiat  Spkeir,  and  thdr  R^lions  to  PosAioat 

on  tJtt  Earth, 

In  (lie  opening  efaaptcr  of  tliis  work  it  wkb  eliowii  tiiat  all 
the  licAveiily  bodies  seem  to  lie  and  movo  on  tlio  stirfacu  of  a 
epliorv,  iu  the  ititcHor  of  wliidi  tliv  earth  aiitl  tlio  oinerver  are 
[ilttced-  Tlie  operations  of  Practical  A»ti'oii(iiiiy  ooii$i$t  lar]go- 
1^'  ill  detenniniiig  the  apjiai-ent  positions  of  the  hoavculv  bod- 
ies on  tilts  sphere.  Tlie»o  positions  are  delined  in  a  waj-  nriah 
oj^its  to  that  in  whicli  the  ])o»itioii  of  a  citr  or  a  tliip  is  de- 
fined on  the  eartli,  namely,  bv  a  system  of  celestial  latitudes 
and  longitudes.  Tlmt  meastii-o  which,  in  the  heaveiiv,  vurns 
spond^  iiio»t  nearly  to  teii-cslrial  loiigitiidu  ih  cnltcd  Riglit  As- 
oniAibn,  and  that  whidi  corresponds  to  Icrrc^U-ial  latitudu  is 
callod  Drciinulioii. 

Ill  Fig.  44  l<^t  the  g1oho  bo  the  celestial  sphere,  ropi-esenled 
tin  if  viewed  fi-om  the  ontsidc  by  an  observer  oicnnted  toum-ds 
the  cast,  though  wo  necessarily  see  tho  acttial  sjuhero  from  the 
centre,  /'is  the  north  |x>le,.4jV  the  horizon,  ^tlic  south  pole 
(invtaibic  in  nortiieni  latitudes  beeaiiso  below  llie  horiwn),  £/•' 
the  equator,  ^  the  zonitlt.  Tho  meridian  lines  radiate  from 
tho  niirtli  pole  in  every  direction,  cross  die  eipiatur  at  right 
angles,  and  nuot  again  at  tite  south  pole,  just  iilie  meridians 
on  tho  eartli.  The  inoridian  from  which  right  aeecnsione  arc 
connlcd,  corrciiponding  in  this  resfieot  to  llie  niuridian  of 
Greenwich  on  the  surface  of  the  earth,  is  that  wliinh  passes 
tJirough  the  A-crnal  equinox,  or  point  of  crossing  of  tho  equa- 
tor and  ecliptic    It  is  called  tiie  lirst  inoridian.    Tln-ou  brij(h« 
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Stan  near  wliii-h  this  meridian  now  |n£Sos  initv  be  evgii  dnriiig 
tlie  Autiimii :  they  •!«  a  Aiidminedie  mid  y  I^cgnsi,  on  ]hla]i> 
II.  Aiid  v.,  and  ^  CaseiojiciH;,  oti  Mnp  1.  Tlio  riglit  ascension 
of  nnv  slur  on  tliU  nioridintt  \*  zci-o,  and  lliu  rrf^lit  a»t.-cii»i'_'ii 
of  auy  other  star  is  niuasiiiv-d  Uy  the  angle  wliieli  tlio  nierid- 
iau  pMeing  through  it  inakvs  willi  the  tJi«t  iiivridian,  this  angle 
hoing  nlvriivs  connlod  towuiils  the  ca>t.  For  reasons  whtcli 
will  soon  he  cs])latnod,  right  ascension  is  guncmlly  reckoned, 
Dot  iti  degrees,  but  in  hours,  uiiuiitvs,  uud  «v<Mnd»  til  titufi. 
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jJ  hi  the  ecliptic,  vixNuiiug  tlic  equator  nt  iU  point  of  iotor- 
section  with  the  fiist  meridiitn,  and  making  nn  angle  of  I'i^-' 
wiUi  it.  The  dcchiiation  of  a  etnr  is  its  tli^taiieo  fi-um  the 
celestial  ei^nntor,  whetlier  north  or  »oulh,  exnutly  iw  Intitmlu 
on  the  eArth  is  diBtancc  from  Uie  earth's  equator.  Tints,  when 
the  riglit  aso(MKi(in  itud  ileclination  of  a  licavcnly  bo<ly  are 
given,  tlie  a^imnomer  known  its  position  in  tlie  celestial  sphere. 
just  as  wo  know  the  ]>ositioii  of  a  uity  on  tho  earth  wliuii  iu 
totigiludc  ftud  Iniitiidc  ure  given. 

It  tnnst  be  observed  that  the  declinations  of  the  hearenl}' 
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bodiea  are,  in  a  certain  Eiiise,  referred  to  the  earth.  In  a» 
Ironoiuy  tlie  e<^iiiiUir  ia  ivgsrdod  sa  a  pliitio  (Mi^ittng  ttLruiigli 
the  contra  of  the  earth,  at  riglit  angles  to  its  axis, and  dividing 
it  into  two  homispburcs.  TIiu  lint;  wliero  tliis  plane  int«rtcet> 
tli«  aitrfucc  of  tlie  eiirtli  tit  our  terrestrial,  or  geogmpliica),  equa- 
tor. If  an  observer  standing  on  tlio  goograpliicul  equator  iin- 
aginis  this  planu  nmiiin-;  ca«t  and  weet,und  vnlting  into  and 
thi\>ugti  llie  cnrtli,  wliera  be  Btanda  he  will  liavc  die  aiitro- 
nomical  equator,  wbtvh  diSetv  from  the  j^ogra]>Uical  equator 
only  in  being  tlio  plane  in  wbicb  tlie  latter  is  itituiilcd.  Now 
imagine  this  plane  continued  in  every  direction  without  limit 
till  it  cuts  the  infinite  colestiul  spherv  ae  in  Fig.  17,  ]>agu  63. 
Thu  cii-ule  in  which  it  intvrsccts  this  spbcro  will  bo  tbc  celes- 
tial equator.  It  will  paas  directly  over  tiie  bead  of  the  ob- 
server at  ttio  equator. 

There  is  a  goncml  correspondence  between  latitude  on  tlie 
cwtli  and  declination  In  the  heavens,  which  may  bo  seen  by 
referring  to  the  same  iignre.  Ilera  the  reader  must  conceive 
of  the  earth  as  a  globe.  <-/>,  situated  in  the  centi*  of  the  celes- 
tial epbcre,  EPQS,  which  is  intiuitoly  larger  tlian  tlic  earth. 
The  plane  rein-eeented  by  EQ  is  the  astronomical  equator,  di- 
vidin;:  both  the  earth  and  the  imaginary  celoelinl  epliere  into 
two  equal  licmi»phcj-o.<.  Suppose,  now,  tlint  lliu  observer,  in- 
stead of  standitig  under  the  equator,  ia  etanding  iindei*  Kirae 
other  paralli'l,rav  that  uf  45*  N.  (Being  in  this  latitude  means 
tliat  tbo  plumb-line  where  he  stands  nuikes  an  angle  of  Ab" 
with  the  plane  of  tbo  eqnator.)  The  point  over  his  bead  will 
then  ha  in  45°  c«lceli&l  declination.  If  we  inmgtiiu  a  pencil 
of  infinite  length  rising  vertically  where  the  observer  Mauds 
BO  that  its  point  diall  moot  the  celestial  sphere  in  his  zenitli, 
And  if,  as  tlie  e»rth  ]>crfurnm  it«  diurnal  i-evulntion  on  its  axis, 
we  imagine  this  pencil  to  leave  its  mark  on  the  celestial  sphere, 
tliis  mark  will  bo  tlio  parallel  of  45°  X.  decliuatiou,  or  a  cir^ 
olo  evervwlioi'c  equally  distant  from  tlio  equator  and  from  tlie 
pole.  The  same  observer  will  sec  the  celestiat  pole  at  an  elevi^ 
tion  equal  to  his  latitude, that  is,st  the  anglo  45^  We  have  now 
the  following  niles  for  determining  the  latitude  of  a  place : 
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1.  The  lalititde  it  equal  to  Oie  deciinalion  of  the  ohserver's  lenitK, 

2.  It  iaaiao  rqual  to  the  altitude  of  Iht  pole  above  his  horismi. 
Hence,  if  tlie  lutrononier  at  any  niiktiowii  etatioii  wialies  to 

''dotennino  bis  latitude,  he  )ius  only  tu  ttiid  wli&t  pantllvl  of 
declination  [xwwis  lliroiigli  \ns>  zeiiilli,  tlic  lutlcr  bcin^  maikccl 
bjr  tbe  direction  of  the  pluin1>-linc,  or  by  the  |)er|iendicii1ar  to 
the  anrfaoo  of  elill  vatcr  or  (]iiii:kHilvcr.  If  he  finds  a  star 
IMUiinfr  exactly  in  hia  zenitli,aiid  knowji  its  dv<;liii«lion,he  has 
his  latitnde  at  once,  because  it  is  tlio  same  as  the  star's  deo- 
Ihialiuii.  Prnctically,  however,  nil  obttTviii- will  never  tini)  a 
known  Mar  exactly  in  hiii  zenitli;  lie  muiit  therefore  tind  at 
what  angular  distance  from  the  zenith  a  known  star  passes  his 
mendiun,  and  by  adding  or  ttnbtracliii};  lhi«  distance  from  the 
Mar'ft  declination  he  has  hi^  latitude.  If  he  doeii  not  know 
the  declination  of  any  star,  ho  meagiiies  llie  altitndoe  above 
the  horizon  at  wlncli  any  etar  near  tlio  jkjIo  panes  tliu  merid- 
ian, both  above  the  jMile  and  niider  tite  pole.  The  mean  of 
tlie  two  gives  the  latitude. 

Let  ns  tiou'  consider  the  more  complex  problem  of  deter- 
mining longitude*.  If  the  earth  did  not  revolve,  the  obeerv- 
er'a  longilade  wonld  correspond  to  the  right  ascension  of  his 
teniili  in  the  same  fixed  manner  that  his  hililnde  eoniupoiida 
to  its  declination.  Ihil, owing  to  the  dlnnml  motion,  there  la 
00  sncli  fixed  correepondenoe.  It  is  therefore  iieoeeanry  to 
have  some  means  of  lepreseniing  the  constantly  varying  rela- 
tion. 

Whcrc\'er  on  tlio  eailh's  sin-face  nn  observer  may  stand,  hia 
mendian,  both  torruslrial  and  cclestinl,  is  i-cprofcnled  astronom- 
ically by  an  imaginary  plane  similnr  to  tliu  plane  of  the  eijiia- 
lor.  This  plane  is  vertical  to  the  observer,  and  passes  tlirou^ 
the  poles.  It  divides  the  earth  into  two  homisptieres,  and  is 
peqiendicitlnr  to  tlto  equator.  In  Fig.  17,llic  cuk-«tiul  and  toi^ 
rtistrial  spheree  are  supposed  to  be  cut  throngh  by  this  plane ; 
it  cntfi  the  earth  when  the  observer  stands  in  a  lino  running 
north  and  south  from  [xde  to  jmle.  and  thus  fonn*.  a  terrestrial 
meridian.  The  same  plane  intersects  the  colcatial  sphere  in  a 
great  circle,  wbidi,  rising  abo^'C  tlio  observer's  horizon  in  the 
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nort]i,paaec6lhronghthe  pole  andtlie  zenitli,  aud  disapjiearsat 
tliu  Euutli  iioi'izoii.  Two  ol)6orvci«  iioi'tli  atid  eoiilli  of 
other  Imve  tiic  rniim  lueridiun ;  btit  in  diffvretit  loii^itiidett  tlie^- 
have  diffei-cnt  iiiciidiaiiB,  which,  liowever,  all  pae« through  each 
polo. 

Ill  oonsequence  of  the  earth'4  diitrnnl  niolioi),  Ihe  rueiidiat 
of  evei-y  plaw  is  coneliuitly  moving  among  tlio  elans  iu  siich  a^ 
way  a»  tu  itiakc  u  complete  rcvoluliou  in  S3  Itoiin  56  tnitiiites 
4.09  BeooDds.  The  reader  will  tiiid  it  more  easy  to  cutiuoivo 
of  the  oolcstinl  sphere  as  revolving  fixmi  cast  to  west,  the  ter- 
restrial nicridinii  remaining  at  i«8i;  the  effect  being  geomet- 
riciilly  the  same  whether  we  conceive  of  tlie  true  or  tlie  ap- 
parent motion.  There  ai-c,  tJicn,  two  wta  of  meridians  oUj 
the  cclcfttial  sphere.  One  set  (that  represented  in  Fig.  45)  u 
lixed  among  the  etare,  and  is  iu  constant  apparent  motion 
from  ea»t  u>  wc»t  with  the  Uavi,  while  tlie  other  ael  i«  lixed 
l>y  tlie  eartli,  and  is  apparently  at  lest 

As  differcncee  of  latitude  are  measured  by  angles  in  tho 
hcavciK,  to  difTerenues  uf  terrestrial  Wngitnde  aiti  measured  \iy 
the  time  it  takes  a  celestial  uicridtan  to  pam  from  one  ten«a> 
trial  meridian  to  auotlier;  while  differeuua  of  right  ascension 
are  niciUfnivd  hy  the  time  it  takes  a  terrc«tniU  meridian  to 
move  from  one  celestial  meridian  to  nnotlier.  Onlinary  Mtlar 
time  would,  however,  bo  inconvenient  for  this  tncasuro,  hccanse 
a  rovolntion  doL-»  not  take  place  in  an  exact  number  of  liontB. 
A  difFerenc  measni-e,  known  as  4iiflereul  time,  is  Ihei-cforc  iiw 
troduccd.  The  time  rctpiircd  for  one  revolution  of  tlie  oele«- 
tial  meridian  i«  divided  into  21  hours,  and  thcte  liOMr«  aro 
subdivided  into  minutes  and  seconds.  Sidrrtal  noon  at  anjr 
plHi.e  is  the  moiueut  at  whicli  tlic  vernal  oqiitnox  pasMW  the 
nieriilinn  of  that  ]ilMce,  and  sidereal  time  is  counted  round 
from  0  hour  to  24  hours,  when  the  equinox  will  ha\'e  retnmed 
to  the  meridian,  and  the  euuiit  n  ooimnenced  over  again. 
Since  tight  ascensions  in  the  heavens  are  counted  from  the 
equinox,  when  it  is  sidereal  noon,  or  0  hour,  all  celestial  ob- 
jects on  the  meridian  of  the  place  are  in  0"  of  right  Ufcemioa. 
At  1  bour  ^ideieal  time,  the  meridians  have  mo^cd  lb",  atKi 
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objcc-te  now  on  the  invridiaii  arc  in  15°  of  riglit  aecension 
Tliroii)^hoiit  iu  whole  diiinial  cronrse  ihe  right  aoccnuon  of  tlto 
meridian  coiislaiitljr  iucrcaM«  at  dm  rate  of  lb"  per  Iioiir,  m 
that  tint  right  aiiceii.siuu  U  atwftya  found  li}'  tnuhiplving  llie 
sidereal  time  hy  15.  To  avoid  tliia  constant  iiuilliphcatiutt,  Jt 
16  ctistoiiiarv  ill  sMroiiumy  to  cxixiks  both  right aeccnsionH  mid 
terrc»tri»l  longUiidet  hy  honr».  Tlnia  the  Pleiades  «i«  wiid  to 
be  iti  3  tionre  40  tniimttis  tight  asc-etision,  mcaiiitig  that  iUvy  are 
on  the  meridian  of  any  plaw  at  S  liount  40  miimtm  sidcraal 
time.  Tlie  loii};:ttiide  of  the  Washington  Oh^rvatory  fi<oni 
Grccnwieh  is  77°  3';  hut  in  astronomical  laiignago  thti  htngl- 
titdc  i«  Miid  to  he  5  hours  S  ininntca  L3  seconds,  nu'nning  ihat 
it  takes  5  honrs  li  minutes  13  seconds  for  any  eeleatial  merid- 
ian to  [MUtf  from  the  meridian  of  tircviivvieli  to  tliat  of  Wa«b- 
iiigton.  In  conse<ineiioe,  when  it  i«  0  hour,  udcreal  titue  at 
Washington,  it  is  5  Iwnrs  S  miimtea  V2  seconds  Mdereal  tiino 
at  iJrbenwieli. 

About  Uarch  S2d  of  every  year,  sidereal  0  hoiiroecim  very 
nearly  at  noon.  On  cauh  sHcceesive  day  it  occurs  about  3  min- 
otcs  66  seconds  earlier,  which  in  Itic  coiirau  of  a  year  hringE 
ft  back  to  iioon  a;^in.  Since  the  sidereal  time  giveti  ihc  pmi- 
tioii  of  the  celestial  sphere  relatively  to  tlie  meridian  of  any 
place,  it  ie  convenient  to  know  it  in  order  to  6nd  what  starG 
are  on  Ihc  meridian.  The  following  table  rIiows  thv  «idcrea] 
time  of  mean,  or  ordinary  civil,  noon  at  tlie  beginning  of  each 
monlli : 

Hn-Ha. 
lannarj ..,...■  •■■•■■■...i 18  4A 

MiiKh „ »  37 

Apnl 0  10 

AU? a  S» 

June „ 4  40 


3»\j „ „ %  88 

AuKml .„.....« :  S  W 

S>>[iumlrar , ......»..«  10  tt 

Uciotier IS  41 

Xnvemlx'r Jl 14  IS 

Drcember IC  At 


The  aidorcal  timu  at  any  hour  of  the  year  may  be  found 
from  tlie  preceding  table  by  tlic  following  process  within  a 
\ery  few  minntee:  To  the  nnmber  of  tlie  preceding  table 
ocvrosponding  to  thw  month  add  4  minutes  for  each  day  of 
the  niontJi,  and  tlie  hour  jmst  ituoit.     The  snm  of  these  nMm< 
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ben,  sobtrsotJng  S4  lionra  if  the  »itm  cxceediii  timt  qtiantitr, 
will  giro  tbeudertal  time.  As  an  exani|)le,  let  it  b«  rG(|ii!m) 
to  find  the  »i<lci-ciil  time  cori-<M()oiidiiig  to  November  13lh  at 
3  &.».    This  is  l^  hotire  past  noon.    So  we  bav^ 

KonamtMr,  from  uUa...n,« ,....„.»..»._  14  48 

Vail  naOHp «i<*H»i»*iv*i<*HaH«*i>*<i<**i>*'i*i«»-i»-   Ifi      0 


Sum.. 


Subtract 94     0 

Sldvmil  dao  raquiroil. C  3£ 

The  riderenl  time  obtained  in  thin  veny  will  seldom  or  nerer 
be  more  Ihau  tivo  iniiuitos  in  error  during  tlio  remainder  of 
this  fonlury.  In  evcr_v  observatory  llio  principal  clock  rniii 
by  sidereal  time,  bo  tliat  hy  lookinj^  at  it8  face  tlie  aetrononier 
knows  what  etar^  am  on  or  near  iho  meridian.  Having  llie 
eidureal  time,  the  stars  whicii  aiv  uti  thu  muridtan  may  bo 
foimd  bir  reference  to  ttio  star  maps,  wbero  the  right  as«en- 
tiona  are  shown  on  the  borders  of  the  mapa. 

§  S.  The  Meridian  Circle^  and  its  Utf. 

Aa  a  complete  description  of  the  rarions  sorts  of  instnt- 
ments  need  in  A^tiononiJL-al  measurements,  and  of  tliu  modes 
of  using  tliom,  would  intei«et  but  n  Hinnll  cinfs  of  i-cadcil^ 
we  ahall  confiuo  onreelvos  fur  the  present  to  one  which  may 
be  called  tim  fundamental  instnnncnt  of  modern  tuitrunomr, 
tlie  application  of  which  has  direct  and  immediate  reference 
to  the  circles  of  tho  celestial  sphere  described  in  the  preeeding 
section.  Tliis  ono  i«  termed  tlie  Sfrridian  Vircl'.;  or  TVmuiV  Ctr- 
cb.  Its  eiuiential  parts  are  a  modemte-si/ed  telescope  balanced 
on  an  axis  pnfismg  through  its  centre,  with  a  evstem  of  fine 
lines  in  the  cye-picuc ;  one  or  two  circles  fastened  on  tho  axis, 
revolving  with  the  telescope,  and  having  degrees  and  subdi- 
visions cut  on  their  outer  edges;  and  a  ect  of  microscope  mi- 
crometers for  mca«iiring  lietween  the  !im«  w>  cut.  It  i«  abso- 
lutolj  necessary  that  erery  part  of  the  instrument  shall  be  of 
the  most  perfect  workmanship,  and  that  the  masoni^  piers  on 
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f' which  it  is  inonoted  eliall  be  as  BtaOle  as  it  Is  possible  to  make 

I  them. 

Tliere  are  mtu\y  differences  of  detail  ia  tlie  constniclioti 
and  moniitiitg  of  iliffGrctit  niuridian  dirlLif,  but  tlivv  all  tiini 
on  an  eaet  nitd  »'C«t  ltui-izDnt.il  axis,  nnd  tlieiefare  the  telescope 
tnovcs  only  in  the  plunu  of  (tie  nieridiuu.    Fig.  45  shoire  the 
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FM.4b— Ttia  WubtuGluii  Innilt  circle 

rtNJtistnicIJMi  of  the  great  (.-irclu  in  ttio  Navnt  Olmrvfttoiy, 
I  'Wafiiiiigton.  Tho  marble  piei-Et,  PP,  mq  supported  on  ft  tnaw 
kof  mAMiiry  under  the  floor,  tlio  bottom  of  wliiuli  >t>  twelve  feet 
below  the  feurfaue  of  the  ^roimd.  Tiic-  middle  uf  the  leluEcupc 
it  foitued  of  a  large  cube,  about  fifteen  inuhee  on  cnch  Aide. 
From  the  (m»t  and  vat  side  of  thia  cnbe  extend  the  trnmi- 

tioii9,  which  are  »o  large  next  the  cube  na  to  l>o  nearly  vuniunl 
iti  6lta|>e.    The  outer  ends  termiuato  in  lincly  groimd  bteel 
{■ivots  two  and  a  half  inuheti  in  diameter,  which  i-c#t  on  hniM 
kV'ri  finniT  fixed  to  heavy  castings  set  into  the  pieis  with  hy- 


156 


FRACTICAL  dSTSOXOMT. 


dranlic  cement.  In  order  that  tlie  delicate  pivotA  niav  not 
be  woni  by  Uic  whole  wcigbt  vf  tlio  inetrnnivnt  resting  on 
tlioin,  the  cwintcTpoise*,  BH,  Rii[>]>ott  all  tlie  wciglit  cxcejtt  30 
or  40  poiiiids.  Near  tlio  ends  of  tJie  axis  are  tite  cirv)e»,i 
cd^wiw,  wliicli  arc  linnl}'«:ruwcJ  on  tlic  trunnions, and  lliere>^ 
fore  turn  with  the  iti»tniment.  Kavli  pter  curries  four  anna, 
anil  each  of  these  anna  carries  a  microscope,  inaiked  m.  liav- 
in;;  in  its  fuum  tho  face  of  tlio  uircio  on  whiuli  tliL-  lines  are 
cut.  TheM  linc»  divide  tlie  circle  into  360°,  and  cndi  di^rca 
into  lliii-tv  Bjmces  of  two  niinntcs  each,  so  that  there  arc  10,800J 
lines  ctit  ui>  tlio  circle.  They  are  cut  in  a  mIvlt  l)and,8iHl  i 
«o  tiiic  as  to  be  invisible  to  tlio  naked  ej'e  unices  the  light  is 
thrown  iijion  them  in  a  paiticnlar  way.  On  each  side  uf  th*J 
iiiEtrnuicnt,  in  a  line  with  the  a\i>,  is  a  lamp  which  throui 
light  into  the  taleuope  so  as  to  ilhimtnate  the  lield  of  view. 
"Reflecting  pHsins  insido  of  the  ptcr  throw  some  of  tlie  light 
U)>on  llio6«  |>oiiits  of  the  circle  wlilvli  arc  viewed  by  tlie  mi- 
crosc<o[>es,  to  as  to  illnmiiiate  the  tine  divisions  on  tlio  oirole. 
Ucing  thus  limited  in  its  movement^  an  object  can  bo  sceu 
with  the  tclesco])e  only  when  on,  or  very  near,  the  meridian. 
Tho  Eole  use  of  the  instrument  is  to  observe  ilie  exact  tiniei 
at  wliidi  iX&n  cross  the  meridian,  and  their  nlti(iidi«  above 
tlie  horizon,  or  distances  from  die  zenith,  at  the  time  of  cross- 
ing. To  give  precision  to  ihew  obsor»«tion».  tho  eye-piece  of 
tho  instnimcnt  \»  mipplied  witli  a  system  of  fine  black  lines, 

nsnnlly  made  of  spider  s  web,  as 
shown  in  Fig.  46.  These  lines 
are  set  in  (he  focii».  fo  that  the 
imago  of  a  star  orosaing  tlic  me- 
ridian pft»c«  over  them.  The 
middle  verticnt  spider  lino  marks 
the  meridian ;  niid  to  tind  tho 
time  of  meridian  transit  of  n  Mar 
it  \a  only  neec«SRry  to  note  tlio 

moment  of  passage  of  its  image 

^Z;^^^;^^;^^!;;^^,  over  thi*  hue.    Bm,  to  give  great. 
anHridtiudreriN  er  precision  and  eertainty  to  liis 
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rvstioit,  the  afitronoini^r  geiiornlly  notes  llic  moments  of 
ttruiisit  over  tiv»  or  more  liiiM,  and  takc«  tliti  iivcruge  of  them 

Fomicriy  tlic  Mlrononicr  line]  to  fiinl  thu  times  of  ti-ansit  by 

N^Ioiiiiij;  to  tim  W-iit  <>f  U'l*  tidcn-ul  eloL-k,  eoiiiiliiig  tlie  icc- 

nith,  and  eetirnatiiig  llie  tctitlis  of  a  second  iit  wliit-h  tlie  Iriui- 

'sit  ovt-r  H  lino  took  ]>Uce.     If,  for  inrtiinuc,  lie  sltotiltl  Hnd  timt 

tlw  i>tiir  liiid  not  rcitehvd  tlie  lino  wlioii  tlie  lick  of  twciiljr- 

lliree  eeconda  was  liennl,  but  crossed  liefore  tlie  twenty- f on  rlli 

ceeond  wiw  ticked,  lio  wonid  know  tliat  tlic  time  vraa  twenrj- 

tlirec  seeoncU  and  aotne  frnction,  and  would  liavo  to  i-»tiniuto 

wbftt  tliftt  fraetioD  was.     A  fikilfnl  obsener  will  ^iicinlly 

biakc  tlii«  c»liiiiut«  williin  u  Ivntli  of  u  eccuiid,  and  will  only 

i^wi  mre  WTCiisions  be  in  enx>r  i»y  n»  miiiib  n»  two  tciilliti. 

^1    Shortly  after  tlie  tiilrodiivtioii  of  tlie  elec-tnc-lelegmpli,  tlie 

^HAnioricuii  istronoitivra  of  lliiit  day  inlixidnced  s  miieli  casivr 

^method  of  delei-miniiig  the  time  of  tramit  of  a  slai-,  by  means 

of  tbo  eltttroetironograph.     As  now  inndc,  tliia  inetnimcnt  cou- 

■ilta  of  A  revolving  i^ylindcr.  Iiavint;  n  Kliovt  of  {>apcr  wrapped 

aronnd  it,  and  making  one  rcvotntioii  ]H?r  ininnle.     A  jien 

or  otltor  marker  is  conii>e<:tcd  wiili  a  tole»ra])liic  appamttie  in 

tiidi  a  way  that  wliencvcr  a  signal  ii^  sent  to  ttie  pen  it  makes 

»n  mark  on  tlie  ino\in<;  ina^ier.  Tlii«  pen  movc»  loigihwiftu  of 
tlio  cylinder  at  t)io  rate  of  abont  an  iticli  in  ten  niinnteo,  so 
tlint,  in  conBfHjiionri;  of  llie  tiiriiiii!;  of  tlic  cylinder  on  its  a:\ifi, 
tbu  marks  of  li>o  [x:n  will  be  ntun^;  a  spiral,  ilic  fuiil«  of  wliieli 
Are  one-lonlti  of  on  iin^b  a)>art.  Tbo  galcanic  circuit  wbidi 
works  the  |»en  is  connected  witb  tbo  sidereal  clock,  so  tbal  ibo 
latter  caitRii  tlio  pen  to  make  n  signal  every  second.  Tito 
nmc  i>cii  may  be  worked  by  a  (elegrapliic  key  !ii  tbe  band 
Hof  ibe  observer,  Tlio  latter,  looking  into  bis  telescope,  and 
^■watcbing  tbo  approai-b  of  tlic  image  of  the  i^lar  to  cacii  wire, 
makec  a  signal  at  tbe  moment  at  whicb  tbe  star  crofees.  Tbia 
signal  is  recorded  on  the  thronograpli  in  its  proper  place 
.Among  liie  clock  signals,  from  wbicli  it  may  be  distinguished 
E>T  its  greater  etreiigtli.  Tlie  record  is  jwrmanent,  and  llm 
leet  may  be  taken  off  and  rend  at  leisnrc,  tbo  exact  tentli  of 
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a  eucjond  iit  wliidi  eaiih  HJgiutl  was  made  being  seen  hy  its 
(lo^iliim  atiiong  the  vtock  eiguuU.  Tliv  givBt  advaiilague  of 
this  mothoil  arv,  that  ^rcat  skill  and  pmL-liuc  arc  not  n>jiiinxl 
to  iiiako  good  obeeitations, and  that  the  oliat-rver  iie«d  not  see 
eithci-  the  clock  or  his  l>uok,aiid  can  make  a  great  number  of 
oUcrvationtt  in  tlic  coiinc  of  t}io  c^x■ning  wliivli  m»y  be  read 
off  at  lei»iiiv.  In  iho  cota  of  tlie  most  skilfn]  obdcrvere  tbero 
is  no  great  gnin  in  ac-curacy,  for  tho  reason  that  limy  can  i%t 
iitAlu  thu  fi'uution  of  a  second  by  tlio  eye  atid  ear  with  iiwrl, 
tlic  same  a<:(rtn'n<-y  thnt  they  can  give  the  signal. 

Tlie  KCiiith  dibtaiiuc  of  tJie  utar,  from  which  ita  dogli nation 
18  dutcnniiicd,  i«  obncrvcd  by  liaving  iti  tlie  retivide  a  liori* 
Kontal  spider  line  wlucli  is  made  to  bisect  tlie  image  of  the 
star  as  it  passt.-^  thu  nicridinn  line.  Tlio  ohsuncr  thvn  goc6  to 
tlie  microscopes,  atcertaiiis  wluit  lines  cut  on  the  circle  arc  un- 
der them,  nnd  what  nniiiber  ofscconds  the  nearest  line  i^  front 
the  proper  point  in  tho  ticid  of  tho  iniciuscopo.  Tlio  moau  of 
thu  results  ii-oin  tlio  four  microscopes  is  called  the  circle-reading, 
and  cini  1>e  dctonnined  within  two  or  three  tenths  of  a  aeu 
of  arc,  or  even  neni-er,  if  all  tho  apparatus  is  in  tho  best  order. 
The  mrnutcni.>ss  of  this  angle  may  l>e  jiidgcd  by  tlie  circiUD- 
stftiioo  that  tlieHinallr&t  round  object  a  keen  eye  can  we  rab- 
teiids  an  angle  of  about  forty  ecconds. 

We  have  described  only  the  leading  opei'fttions  neeossiirr  id 
determinationa  with  a  meridian  circle.  To  ooinplote  the  de- 
termination of  tho  posiiiuu  of  a  star  as  arcurately  aa  n  prao- 
tiscd  observer  can  bisect  it  with  the  spider  line  is  a  much  more 
eomplieated  matter,  owing  to  tho  nnavoidablo  erroi«  and  iiit- 
pei-feclions  uf  his  instrument.  It  is  im]>osaib1e  to  set  the  lat- 
ter in  tho  meridian  with  mathematical  precision,  and,  if  it  wora 
done,  it  would  not  remain  bo  a  *iri!jl«  day.  M'luin  the  a«troii 
omcr  comes  to  tenths  of  seconds,  lie  has  diDicullies  In  nontc 
with  at  every  step.  Tlie  effects  of  changes  of  tcmpetalnro 
and  inotionn  of  the  solid  earth  on  the  foundations  of  his  in- 
strument are  such  as  to  keep  it  constantly  changing;  his  clock 
is  80  far  from  goin^  right  that  he  never  attempts  to  set  it  per- 
fectly right,  bnC  only  detcrniiiios  its  error  from  Ida  obserra* 
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tions.  Ererr  observation  masl,  tlierefore,  bo  con-ected  for  a 
number  of  iiiMritiiicnlul  crix»%  before  tliv  i-oiiilt  is  accurate, 
Ml  4>penition  tnaiiv  Un)e»  more  Uborioits  Uian  merely  niokiog 
the  ubeervation. 

§  S.  J}firrmination  of  Terrettrial  Lonyituda. 

The  telc^rrapbic  mode  of  recording  observations,  dejicribeo 
in  llio  laet  section,  ufifoi-ds  a  mctbod  of  dvlcniiiniiii;  Uifforunc'es 
of  loii^tndc  butweim  placet)  connected  by  ivk^^jiU  of  ox- 
Iraordinnrv  elegance  am)  perfection.  Wo  have  nlready  shown 
tliat  the  diffon<ncc  of  luiigitudc  bclwoon  two  points  is  tneas- 
iirod  by  the  time  it  takcit  a  star  to  move  fi-om  the  meridian  of 
the  eastenimo^  point  to  that  of  the  westernmost  point.  We 
have  also  cxplninctl  in  the  la^t  siM^lioti  how  an  ubeorvcr  with  a 
meridian  cii'cle  dcterniines  and  records  Uic  passage  of  a  6tar 
over  his  meridian  witJiin  a  tenth  of  a  aocond.  Since  tlto  t» 
tiith  distance  of  tlio  star  is  not  i-upiirud  in  this  obn-rvation,  tlie 
circles  and  mivro6<--opes  may  tte  di£|«iise«)  witli.and  tlic  instrn- 
inent  is  thun  iniicJi  siinplur  in  c-onetruction,  and  is  ternted  a 
SViiniH  Imlrumeut.  When  the  observer  makes  a  ti-legtapliic 
rooord  of  the  moinenl  of  traii«il  of  a  sl&r  by  striking  a  key  in 
t]if  manner  dcieribod,  it  i^  evident  that  t)ic  electro-chivmo- 
g^raph  on  vrhich  his  la)M  ai-e  recorded  may  be  at  any  distance 
U>  which  the  electric  cnrrcnt  can  carry  his  signal.  It  may, 
thcri'fure,  be  in  a  distant  city.  There  is  no  difUenlty  in  a 
Washington  nlwerrer  recording  his  oheervations  in  Cincinnati. 

On  this  s;«tom,  tlio  mode  of  operation  is  about  as  follows; 
the  Wasliington  and  Cincinnati  stations  each  has  its  transit  in- 
litnitnent.  its  observer,  and  its  chronograph:  but  the  chrono- 
ftrapha  aix!  connected  by  telegi'a]ih,  so  that  any  signal  made 
by  i>itlier  obsen'cr  is  recorded  on  both  chronographs.  .\^ 
Ihu  Wnsliington  ob«crver  scus  a  star  pmvioiuly  agrucd  on  juiss 
<iTer  the  linon  in  the  fncna  of  hiii  iiistnmient,  he  mnke^i  i^ig- 
lutis  Willi  his  tolegi-aphic  key,  which  arc  rocordcd  both  on  Ins 
own  chronogra{>li  and  on  tliat  of  Cinoinnati.  When  tlto  ittar 
reael-ee  the  ineiidian  of  the  latter  city,  tlio  observer  there  nig- 
ti»l«  tite  transit  of  the  star  in  like  manner,  and  the  moment 
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of  paaMgO  o^vr  cncli  line  in  the  focu«  of  lits  iiigtriiment  ia 
recorded,  both  in  CiDcinnnti  mid  Washiiigtoii.  Tlie  cl»|)sccl 
tiino  is  lli«n  found  Itv  inetLEiiriitg  off  tlio  clironograitli  slicetn. 

Tiic  runson  for  Iinviiii;  nil  tlie  ul>»ci-vnLioii8  rucordcd  oii  twUl 
ohi-onograplis  ia  that  the  I'esnilii  iimv  be  convclei]  for  ihc  time 
it  talius  tlio  floctric  ciirront  to  pnss  botweon  the  two  ciltes, 
wliicli  i»  quite  ]>ei-ce])tihlc  ni  "i-eitt  distutir»s.     lii  coiiHiqiiem 
af  tliis  "  wavo-tiuic,"  the  Wastiiiigtoii  obeervntioii  will  be  re^' 
(.•oi'dfd  n  little  too  late  at  Cincimiati,  so  that  tlio  diffui-cnce  of 
loiigitiuic  on  the  Cinciniutli  vhroiiO{j;m)>h   will  lie  tou  tinalL 
The  Ciiieiiiimti  observation,  whiuli  coinefi  last,  being  I'ecordod 
a  little  too  lato  at  Wa^hiujjtoii,  the  tUfFei'ciice  of  tiino  on  tlie 
WiL^liiiigtuii  i:hix>iio^i'n]ili  will  be  a  HtiIc  tm>  cuvnL    The  mean 
of  the  I'&iulta  on  the  two  ehronograjiIuB  will  bo  the  correctu 
longitude,  while  theb*  dilfemnco  will  be  twiec  the  llino  it  take 
the  electric  einient  to  i>a*«  hetwecn  the  two  cities.     The 
t>nlt&  lliiiB  obtained  for  llic  ^'cloeily  of  eloctricit}'  nre  br  iitH 
incaus  aecordaiit,  but  tlio  larger  number  do  not  differ  \-ery 
greatJy  from  SOOO  niile&  per  tHicond. 

A  celestial  meridian  move»  over  tlie  eartii's  snrface  at  tliOi 
rate  of  lif  teen  degrees  an  hour,  or  a  iiiinnle  of  arc  in  fonr  i 
oiids  of  time.  More  precisely,  Ihix  i»  the  ntte  vf  rotation  of 
the  L-arih.  The  length  of  n  intnule  of  are  in  longitude  do- 
jtends  on  the  latitude.  It  is  about  6u00  feet,  or  a  mile  and  a 
Bixtli  at  the  equator,  but  dimini»lie»  whether  we  go  north 
Htuth,  owing  to  the  nppi-oatih  of  the  meridians  on  the  globnlnr' 
earth,  ax  can  bo  !«ccn  on  a  globe.  In  tlio  latitude  of  om*  Mid- 
dle States  it  is  about  4^00  feet,  m  that  the  «iirhicc  of  the  earth 
ihere  moves  over  IIKO  feet  «  ceeond.  At  tlie  latitude  of 
Greenwich  it  ia  3800  feet,  so  that  the  motion  is  050  feet  \yer 
second.  Two  skilful  ni^tronomoi«,  by  nutking  k  great  nntn- 
l>cr  of  obMtri-atiouK,  oiin  determine  tJie  time  it  takee  tlie  stare 
to  ]ia»!^  from  one  muiitlian  to  anotlier  witliiu  one  or  two  bnn- 
dredtli!)  of  a  second  of  time,  and  can  therefore  make  enrc  of 
tito  difforoncc  of  longitude  lictweon  two  distant  ciliea  witliin 
MX  or  eight  yard*. 

Of  lato  the  telegi'aphic  method  of  detennintiig  longitudes 
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I  been  npplted  in  n  w«j-  ft  litile  different,  tlioiigli  rc&tins  on 
liic  game  priiicipke.  Instead  of  recording  tiie  transits  of  stars 
on  both  cliroiio(rrai>lis,  oacli  observer  dcterminos  llio  error  of 
liis  dock  by  timuils  of  xlarii  of  ulttch  tliu  rigbt  lucensioii  hm 
been  carefully  dctonniiied.  Kaeb  elouk  is  then  oonnected  with 
botli  clironogrtplis  by  means  of  the  tclcgrapbic  )inoe,  and  nikdo 
to  record  its  beot^  for  t)ie  s\M(:e  of  a  few  minutes  only.  Tlius 
tlie  difference  between  tbe  fiidcmal  times  at  the  two  stntions 
for  the  same  moment  of  &b«oluto  time  can  bo  found,  and  this 
difference  in  the  diffen-nuc  uf  longitndc  in  lime.  A  few  yean 
ago,  when  tltc  diffei-enee  of  longitude  between  ^KiintE  on  tho 
Allantie  and  Pacific  cooxtit  wait  determined  by  tbe  Coast 
Snrvey,  a  olouk  in  Cambriclj{C  was  made  to  record  ita  beati  OD 
a  cliix>nograpb  in  San  Frani^isco,  and  nee  ivrga.  In  1866,  as 
•0011  a«  the  Atlnntie  cable  bad  becu  Kucccc^fnlly  laid,  Dr.  R  A. 
Gould  went  to  Eiirojw,  nnder  the  auapice*  of  tlie  Coiul  Snn-ey, 
to  determine  the  difference  of  longitnde  between  Eni'0)>e  and 
Atncrico.  Owing  to  the  a£tronoinical  importance  of  this  de- 
termination, it  has  *ince  Ix-en  twice  repeated,  once  nnritji-  the 
direction  of  Mr.  Dean,  and,  lastly,  under  that  of  Mr.  Ililgard, 
botli  of  the  Snrvey.  Thom  three  campai^^ns  gave  tlio  follow- 
ing eogianile  rctiilts  for  tlio  diffcrenL-c  of  longitude  between 
tiie  Unynl  Obaer\-atory,  Orceiiwieh,  and  the  Naval  Obsorvaio- 
ly,  Wa»bingtoi) : 

dn-llto.     «« 

Dr.  GuuU,  1HI7 „ S    S    llll 

Mr.  Itrjn,  |»70 „..„„.,.'. S    8     IS.IO 

Mr.  lILJi^nnl,  1971 ;. C    8    IS.09 

The  extreme  difference,  it  will  be  Been,  ia  less  than  a  tenth  of 
»  lecond,  and  wonid  prulMihly  have  hccn  emallor  bnt  fur  rha 
nutnerons  difHcnllit^  attendant  on  a  determination  ihrottgh  a 
long  ocean  cable,  which  aro  much  greater  than  tJirongh  a  laitd 
line. 

The  i»e  of  the  lclegrai>b  for  the  determination  of  longitude 
I's  ncecssarily  limited,  and  other  methods  nnist  therefore  gotw 
erally  be  n*ed.  Tlie  general  problem  of  determining  a  longi- 
tude, whether  tiiat  of  a  ship  upon  the  ocean  or  of  a  station 
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ii[>on  Uie  latid,  depciitls  od  two  i«(|tiiretDciits :  (1)  a  Unowledgo 
of  Uie  loOftl  tiniu  lit  Uic  Motion,  iitid  {2)  a  kiiowlodge  of  the 
correspond tnfr  time  at  Gi-cenwich,  Washin^oii,  or  some  other 
Btandnrd  tnoridiiiu.  Tbo  diffcniiic^  of  tlieM)  two  rc|>rcBcnls 
the  lurigitudv. 

Tiie  tii:pt  deterniiiiation,  tbnt  uf  llw  local  time,  U  not  a  diffi* 
cult  ])i'oblcia  when  the  iitinoct  accunicy  is  not  reqaiced.  We 
have  alrcadv  sliown  how  it  is  dolcnniiii-d  willi  a  ti-antut  Inslni- 
iDeiit  Uui  tlii«  insirumciit  ciuinol  be  hmhI  at  nil  at  tea,  and 
a  Boniewliat  heavy  to  carry  and  troubleaoiue  to  set  ap  on  the 
laud.  For  ehipA  and  travcOlviv  it  i^  llien-forc,  much  moru  coii- 
vcaicnt  to  xu^  a  M.-x(Hiit,  !>>-  ivliidi  the  altitude  of  the  sun  or  of 
0  Btar  above  the  horizcn  uan  be  measured  with  very  little  time 
or  truublv.  To  obtain  tlio  lime,  tbo  obranatiw  it  made,  not 
when  the  object  i»  on  the  miTidiun.  but  when  it  iii  as  nearly  as 
praelicable  cast  or  weet.  Having  found  the  altitude,  tlie  calca- 
iation  of  a  spherical  triangle  from  the  data  given  in  the  Ifaii' 
tkat  Almanac  at  once  gives  tbo  local  lime,  or  tlie  error  of  tl>Al 
chronometer  on  htcal  time. 

7'lic  difticTilt  problem  is  to  determine  the  Greenwich  time. 
So  neccesar\-  to  navigation  is  eouie  method  of  doin^;  thifstliat 
the  Jiriti»b  Uovcrnment  long  had  a  t-tunding  offer  of  a  rou'ard-i 
of  £10,000  to  any  one  who  would  tind  a  anocessful  method 
of  dctoniiining  tho  longitude  »t  bcr.  When  the  otiico  of  As- 
tronomer Itoynl  wae  cKlablishcd.uhioh  wa»  in  1075, the  dnijr 
of  the  incumbent  wiut  declared  to  be  "to  apply  himself  with 
the  iiioet  fxact  care  and  diligence  to  the  i-cclifying  the  T«- 
lil<w  of  tiie  Motions  of  the  Heavens,  and  the  phicca  of  the 
Fixed  Stars,  in  order  to  tind  out  the  bo  muol]  desired  Longi- 
tiulu  nl  Sea  for  tlio  porfccting  the  Art  of  Kavigalion."  Tlte 
reward  alwve  referred  to  ivnit  ultiniiilcly  divided  between  an 
aeti'Onomcr,  Tobias  Mayer,  who  made  a  givat  improvement  in 
the  lablcii  of  the  moon,  and  n  watch-maker  who  improved  tho 
marine  chrononieler. 

Tho  moon,  making  her  monthly  circuit  of  tho  bcavene,  maj' 
be  considered  a  t^irt  of  »rnndurd  clock  from  which  the  astron- 
omer can  Icaro  ttie  Greenwich  time,  in  whatever  part  of  tlte 
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woi'lH  lie  innv  find  liiniaelf.  lliiti  lie  docc  by  ot)«cn-ing  licr  po 
eitioiiB  Rinoitg  Uie  stars,  Tlio  yaulieil  Almanac  g'lvm  the  pre* 
diut-d  di^tuiuc  of  the  moon  from  <»;naiti  other  bodies — sun, 
planets  or  brif^it  etais — for  every  three  hours  of  tirccnwich 
tiino;  and  if  the  afilmnonii>r  or  uavi^tor  measures  this  dis- 
iHiico  with  A  Koxtniit,  he  hns  the  mi-nii*  of  flndiug  nt  n-linc 
Greenwich  time  the  diMnncc  wna  equal  lo  timt  ineAdircd.  L'li- 
furlmiatoly,  how<;™r,  this  o|>ei-atioii  is  miivh  like  that  of  deter- 
iiiitiiiig  thu  time  fn>in  u  clock  which  )ui«  nothing  hut  an  hoiir- 
hnnd.  The  moon  moves  niiioiig  the  slniv  only  abont  13°  in 
a  day,  and  her  own  diameter  in  an  hour.  If  the  oheerver  u-nnta 
hi*  Greenwich  lime  within  half  a  minnie,  )t«  mnct  rterermino 
the  {xiiailion  of  tite  moon  within  llie  hundred  nnd  twentieth  of 
her  diauiutor.  This  is  abont  as  near  as  an  ordinary  obser^er 
at  wa  con  como  wtlh  a  eextant;  and  yet  the  error  would  bo  7} 
milea  of  longitude.  Even  tim  degree  of  esnctnocs  can  be  ob- 
tained only  by  having  the  moon's  plai-e  relati^-ely  to  the  stars 
predicted  with  great  aocnrscy;  and  here  wo  meet  witJl  one  of 
liie  mort  complex  problumti  of  (uiti-onotny,  t)ic  cfforls  to  solve 
wliicli  haro  already  been  mentioned. 

In  addition  (o  the  uncoilninty  of  wliicli  wo  have  spoken, 
tliift  method  i«  opien  to  the  objection  of  being  difficult,  owing 
tn  the  long  cAlcnIatinn  nece^«ary  to  fi'cc  t)ie  measured  di&taiioe 
from  the  cfFect«  of  the  refraction  of  both  bodies  by  tho  atmos- 
phei*.  and  of  the  pnmllax  of  tho  nwon.  On  ordinary  voyagM 
navigators  prefer  to  irunt  to  their  dironometere-  Tho  error  of 
tiio  chronomoter  on  Greenwich  time  and  its  daily  iiite  an 
determined  nl  ports  of  which  t)io  Itmgitiide  In.  known,  and  the 
navigator  can  then  calculalo  this  error  on  the  8np]ioBition  that 
tliD  chronometer  gain*  or  lo#«s  the  same  amount  every  day. 
On  voyages  between  Eni-ojw!  mid  America  a  good  chronome- 
ter will  not  generally  deviate  moi-e  than  ten  or  fifteen  eccond» 
from  iu  cAlcnIatcd  rate,  so  that  it  aniiwcrs  all  l)io  pm-poflca  of 
navigation. 

Still  anotlior  observation  by  which  Greenwich  timo  may  bo 
nbtaincd  to  a  minute  in  any  pait  of  tho  world  is  that  of  the 
eclipses  of  Jupiter's  tirst  satellite.    The  Greenwich  or  Wa^h- 
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iiigtoti  times  At  u'liicli  ihc  ecUpgcg  aro  to  occur  aro  given  In 
tliQ  A'aulical  Almtiuac,  so  tlmt  if  the  travollor  can  succeed  Eii 
observing  one,  }ic  Ims  Uiit  Given vvid)  time  at  once,  without  any 
catcniatton  whatover.  But  the  error  of  liis  observation  may 
be  half  a  minute,  or  even  uii  entire  minute,  so  tlmt  this  meth- 
od i»  not  at  all  accurate. 

Where  an  astronomer  can  fit  up  a  portable  observatorj-,  the 
olMcrvation  of  tlic  moon  affords  bim  a  nuidi  mora  aeeurate 
longitude  than  it  does  the  navigator,  because  ho  can  use  better 
instrumouts.  If  liv  Um  a  tmn^it  instrument,  he  determines^] 
from  observation  the  rigtit  aacensiou  of  the  inoon'e  limb  aa 
sha  passes  his  meridian,  and  tbcu,  referring  to  tho  NauHcal 
AlTntthac,\\c  lind«  at  what  Ureenwidt  lime  the  limb  hod  this 
right  ascension.  A  single  transit  would,  if  tho  moon's  pla<x> 
were  correctly  prediett'd,  give  ft  longitude  corixict  within  six 
or  eight  seconds  of  time.  It  is  fonnd,  however,  lliat,  ou'ing  to 
the  eri'ors  of  tlio  moon's  tables,  it  is  necessary  for  the  astron- 
omer to  wait  for  corrusponding  observations  of  tho  moon  at 
wme  standard  observatory  befoie  he  can  bo  suro  of  thb  de- 
gree of  accuracy. 

§  4.  Main,  or  Clocks  Time. 

We  have  hitlierto  described  only  sidei-cal  time,  whieli  com- 
qionds  to  tliB  dinma)  revolution  of  the  starry  sphere,  or,  more 
exactly  yet,  of  the  verntil  equinox.  Such  a  mcnsnro  of  time 
would  nut  answer  tlie  puri^oses  of  civil  life, and  even  in  astron- 
omy its  nso  is  generally  confined  to  tlie  determination  of  right 
ascciiHtons.  Solar  time,  regulated  by  tho  dinrnal  motion  of  the 
sun,  is  almost  nnivci-sally  used  in  astronomical  observations  ■& 
well  as  in  civil  life.  Formerly,  solar  time  was  made  to  can- 
form  nbKoliilely  to  tho  motion  of  Uic  sun;  that  is,  it  was  noon 
when  the  sun  was  on  tho  meridian,  and  the  hours  wci-e  those 
that  would  be  given  by  a  sundial.  If  the  interval  between 
two  eoneccutive  Iransite  of  iho  Giin  were  always  tho  same, 
tltis  measure  would  have  been  ndheicd  to.  Hut  tliore  are  two 
wurces  of  variation  in  the  motion  of  the  snn  in  right  ascen- 
sion, tho  effect  of  whieli  Is  to  make  thcso  intervals  unocjual : 


jfjuy,  on  CLOCK,  time. 
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1.  Tlio  c<;ccntrictty  of  tlic  vtutVs  orliit.  In  coiiBcq nonce 
of  tlii«,  ac  slrciidy  uxiilainuditlia  nngitlar  motion  of  the  eartli 
roniid  Uie  &uti  is  inoiv  mind  in  December,  wlivii  the  cartli  is 
iiemrest  tliu  mn,  tliiin  in  June,  wlieii  it  ia  fnnlicst.  11>u  nvcr- 
■ge,  or  mean,  motion  is  siicU  tliat  the  eim  is  3  minutes  AG  ux-j- 
9Dds  bngcr  in  returning  lo  tltu  meridian  tiian  a  etar  is.  liiit. 
owing  to  the  eccentricity,  tlii»  motion  'm  ncrmiUy  onv-tliiriivili 
p^realcr  in  December,  and  the  same  amonnt  lc««  in  June;  eo 
tliat  it  varies  from  3  miimies  4S  eeiwiido  to  4  luinutes  4  sec- 
onds. 

2.  The  principftl  Eource  of  l3ie  ineqn»lity  refened  to  is  tho 
obliquity  of  the  ecliptic.  When  thu  etni  is  near  the  c^iuinoxci^, 
his  motion  among  tlio  Htars  is  oblique  to  the  diraccioii  uf  ihu 
diiiniiil  niolion;  while  lli«  hitter  motion  is  dii-ectly  to  ihc 
we^t,  the  former  is  S3|"  north  or  soutJi  of  easL  If,  then,  siiii 
atid  dnr  itwxB  the  meridian  together  one  day  near  tho  equinox, 
be  will  not  bo  3  niiniitea  5C  seiioiida  later  than  the  Mar  in 
crOGBing  tlio  next  day,  bnt  about  ono-twclfth  le^  or  ^  i«c- 
ond«.  Theiffoii;,  at  the  times  of  the  equinoxes,  the  solar  days 
are  nbonc  '10  seoonds  shorter  than  tlic  avumge.  At  the  »oI> 
Btiocs,  Umj  opposite  effect  is  prodnt^ed.  The  snn,  being  234° 
nearer  the  \K»\e  than  liefoix?,  the  diniital  motion  is  slower,  and 
it  takes  the  Bim  2U  eoecnds  longer  than  the  rt^iilar  interval  of 
3  minntcs  56  Mvond*  for  that  inoiion  to  cany  the  sun  over 
the  epace  whi<?h  Eeparntes  him  fn>m  tlie  star  whidi  culminat- 
ed with  him  the  day  before.  Tho  days  are  then  20  seconds 
longer  than  the  average,  from  this  cause. 

So  long  as  elocke  could  not  l>e  made  to  keep  time  M-ithin 
SO  seconds  a  day,  those  rariations  in  tho  eoai'so  of  tJie  stm 
vero  not  found  to  cAiise  any  serious  in<roin-cniciicc  BnC 
rhcn  elnvks  b^nn  to  keep  time  bettor  than  the  sun,  it  be- 
imo  neeetsary  either  to  keep  putting  them  ahead  when  tho 
sun  went  too  fast,  and  behind  when  ho  went  too  slow,  or  to 
give  np  the  attempt  to  make  tlicni  corrciijHjnd.  Tho  httler 
course  is  now  univei's^dly  adopted,  whcro  accurate  time  is  re- 
quired :  the  standard  stm  for  time  being,  not  the  real  smi,  hut 
a  "  mean  Bun,**  whidi  io  sometimes  ahead  of  tho  real  one,  and 
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eoiiiotimes  behiitd  it.     The  inv^^ilnr  tinio  dciien<]ii)g  on  Ihsi 
iiioliun  of  tlie  tnic  siin,  or  iliitt  ^veii  li,v  a  bumliul,  is  catied^ 
Apparait  Tiinf,  while  tliat  ^iwn   by  tlio  mean  eim,  or  t>y  a 
clouk  going  at  a  iiiiiform  rate,  t»  cnll«(l  Mtun  7'imt.     TliO  twaj 
meiiMires  coincide  four  times  in  a  jear;  ditring  two  intenno- 
diKte  ceasoiis  the  tiieaii  titM«  ia  alieiid,  und  diirinj^  two  it  u 
behind.     The  following  ai«  tlio  dates  of  coineideiicc,  nnd  oC 
ninxiiniim  deviation,  which   varjr  bnt  slig^itl}-  from   rear  to 
year : 

Pdiniuiy  lOtli , Tnio  *iin  IS  niiiDM*  ikur. 

Ajiiil  ISilt , , ,,      "      *■    corfccl. 

Unr  Milt. "      '*    4  niintilc*  nut. 

Jti<i«  llih , "     "   romrt. 

July  ^'iih .,.,„ „ ■*      **    It  miiiuiM  tloir. 

AiisiiiiC  Sit _ r.....      "      "    eorr«cl. 

Noiniiiti«r  Sd  ....„..„..„.....„..„.,     "     "    l(t  mimiiM  GiM- 

December  SI  til "      "    corrert. 

Wlieii  Uie  »un  ia  alow,  it  pa.<«es  the  incridiitn  after  mcAn  noon, 
and  the  clock  is  faster  tlian  tho  &iiiidial,  and  t-iee  rfi-tut.  The 
widu  dwintions  aru  the  rixmh  of  the  gradtiul  accumnlations  i 
the  deviations  of  a,  few  ^eeoiid^  from  ditv  to  daj-,  ilio  cnmo  of 
whicli  has  just  been  explained.  Tims,  dm-itig  the  interval 
twccii  Xovcinlwr  ^d  luid  Febniarv  ]2lh.  the  enii  is  i-oii^lnntly 
falling  behind  the  uluck  nt  an  avci'ii^e  rnte  of  13  or  10  Acvonds 
a  dnv,  which,  continued  through  lOO  davs,  brings  it  from  16 
inintites  fast  to  15  miiiLitc^  slow. 

Tltis  difFcrcnce  between  tlic  i-eid  and  tlic  niean  aun  is  eatltd 
tbo  Sijuaiitni  ff  Time.  One  of  its  effects,  which  is  frequently 
misnnderstorHl,  ia  that  the  interval  from  tfunrieo  until  noon,  aa 
given  in  tlic  alnianat;^,  is  not  the  Minie  w-  tJiat  between  noon 
ftlld  siiiMCt.  This  often  Icndn  to  the  iiiqiiirT  whether  the  fore- 
ijooiis  enn  bo  longei-  oi-  shorter  than  the  aftcnioonK.  If  by 
*'noon"  we  nicMint  tho  [)ii«»ige  of  the  real  sini  aei-oi»  the  mu- 
ridiati,  they  oould  not ;  but  the  noon  of  our  clocks  being  sninc- 
times  15  niimites  before  or  after  noon  bv  the  sun.  the  fonnvr 
may  bo  half  au  hour  uearer  lo  sunriat!  tiiait  to  emu«t,  or  I'm , 
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CHAPTER  m. 

ft 

HKAsmmo  DtsTANCsa  m  tks  nKAvRis. 

§  1.  I^rallax  in  Qentrat. 

TnK  dctcrminntioii  of  the  distaiicea  of  tlic  Itcavciily  bodiM 
from  ii»  k  a  mndi  more  complex  problem  tlmn  merely  deleft 
milling;  tli«ir  np))an.>nt  poutioiiB  on  tlio  celestial  splicro.  The 
latter  depend  entirely  on  the  dii«etion  of  the  bodies  from  the 
obMn'er;  and  two  bodieo  whieh  lie  in  the  wiitie  direction  will 
•eem  to  occnpy  the  eamo  position,  no  matter  liow  mtich  farther 
one  may  ho  than  the  other.  I^otwitliHtunding  the  enornioii» 
differenoeH  between  llie  distances  of  different  henvenly  bodies, 
there  is  uo  way  of  telling  even  which  k  farlhcst  and  whleh 
nearest  by  mere  iiispvction,  much  lew  can  tho  abfioliitc  dis- 
tuiirc  l>e  determined  in  this  wny. 

The  distances  of  the  heavenly  hodics  nre  generally  dctei'- 
ininod  from  their  Parallar.  Parallax  may  be  defined,  in  tli« 
most  gcitorat  way,  k«  the  diffmnee  htttcfrn  Oie  .  j. 

tlirtttiimt  <^  a  hodt}  as  seen  from  two  lUfftrrtiU  ^ 

poiiiU.     Other  conditionii  being  equal,  tlio 
mora  difitant  the  body,  tlie  less  this  differ- 
ence, or  the  leM  the  parallax.     To  show,  in 
tlio  most  ulomenlary  way,  how  difference  of 
dinotion  dejwnds  on   dtsiaiioe,  tiip]>o»o  an 
'observer  at  O  to  sec  two  liKlitri,  ^1  and  li,  at 
niffht.     llo  cannot  tell  by  mere   in^jwctioli 
vrliich  is  tliv  more  di»tant.     Uiit  anppose  be  ria.*t.-Di*Enmiiink 
«-aiks  over  to  the  point  /*.     Both  lighrs  will       in«ii>e i.»r»ii.i. 
then  secrn  to  change  their  direction,  moving  in  the  direction 
opi>oEitu  to  tlist  in  which  Itc  goea.    But  the  light  A  will  change 
tnoro  than  the  li<;ht  B,  for,  being  to  the  right  of  It  when  tlia 
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olwervop  was  «t  0,  it  is  now  to  llio  left  of  it.     The-  observer. 
«U)  llieii  Bay  with  enlii'e  certainty  Itiat  .1  is  ncaivr  than  U. 

Am  a  stLMiinthi))  croMtcs  tho  oueaii,  noiir  ohjccts  at  rest 
diaoge  theii'  diivution  rapidly,  and  soon  flit  hy,  while  tnuro 
distant  ones  cbaiigo  very  eluwly.  Tho  titars  nre  not  seen  to 
chiiii;(ti  at  all.  If,  liuwevvr,  tho  moon  did  nut  niovc,  tho  i«a- 1 
sciigor  would  see  liet'  to  have  changed  her  n|)j>iircut  ]>09ilioil 
nhuiit  one  and  n  Iialf  times  her  diuinflur  in  vunecquoncc  of 
tlic  jonnicy.  If,  wlien  tlie  moon  is  ncnr  llic  tncridiaii,  on  ob- 
server could  ill  It  moment  jnnij)  fi-oin  New  York  to  T.ivcr[NX'>1, 
keeping  ins  eye  fixed  upon  hc-r,  liu  wuuld  goo  hur  apjiarenlly 
jump  in  tho  opposilu  dirvction  Hboiit  this  anioinit. 

Astronomically,  the  direutioii  of  an  ohjecl  from  ait  observer 
i»  determined  by  its  position  on  the  celeetial  sphere;  that  i^ 
by  its  right  aecoueioii  and  doclinatioii.  In  coDEt:c|Uciice  of 
parulKix,  the  docli nation  of  a  body  is  not  tho  eanic  when  seen 
from  diflurcnt  parts  of  the  earth.  As  the  tnoon  ]Uf«cs  llie 
meridian  of  the  Cape  of  Good  Hope,  her  measured  declina- 
tion may  ho  a  deg;ree  or  inoro  farther  north  tlian  it  is  when 
she  pa*scs  the  incridian  of  (i rcenwitrh.  The  dulennination  of 
tlte  iiftrallax  of  the  moon  was  one  of  tlio  objects  of  tho  British 
Government  in  eBtahlishinft  an  observatorj-  at  the  CajHe,  and 
BO  well  has  thiit  object  been  attained  that  the  best  detonnina- 
tions  of  the  parallax  have  been  made  by  comparine  Iho  Green* 
wieh  and  Cape  observations  of  tho  nioiHi'a  declitialion. 

The  dclcrii)i[iution  of  tho  distance  of  a  colvetial  object  from 
the  ]iaralEn\  dcj^inds  on  the  solution  of  n  tiiniiglo.  If,  in  Pig; 
4S,  we  »iii>po»e  t)io  circle  to  I'epi'esciit  the  eartti,  mid  imagine 

an  observer  at  .4  to  riev  n  celea* 
tittl  object,  M,  hu  will  see  it  pro- 
jected on  the  infinite  <r('le»lial 
sphere  in  the  direction  Ail  con- 
tinued. Another  observer  at  A' 
will  t^ec  it  in  llie  direction  .^'J^ 
The  difference  of  tliesc  dircetiom 
is  the  an^^le  at  M.  Knowinf;  at) 
?M.  «.~]>i>ru<>  muMUec  ptniitx,  tlw  aiijfles  of  tlic  quadrilateral 
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ACA'My  and  the  length  uf  Ilib  cailli'a  radius,  CA,  tlio  dis- 
taucc  of  die  oliject  from  the  tliivc  puiuU,  A,  A',  tuid  C,  caii 
l»  fuiind  l)y  solving  a  eiuiplo  prublom  of  trigonometrj', 

Tlie  tcnn  parallax  is  fi-c^iicntljr  neud  in  a  inuiv  limited 
warn  tLoii  tliat  in  wIjicIi  we  have  jn^  defined  and  elucidated 
iL  Instead  of  tlie  difTcrctKM.'  of  directions  of  a  celestial  body 
Ecen  from  any  two  points,  the  astrotioiiivr  generally  mciuis  tlw 
differctico  bctwoun  tliu  dii'ection 
of  lliv  body  as  it  wotdd  iipi>i-nr  .j{< 

from  tlic  centre  of  tlie  earth,  and 
tlic  direction  wcii  by  uii  olwcrrur 
lit  the  surface.  TIntt,in  Fig.  43. 
an  olMerrcr  »t  the  centre  of  the 
cnrtli,  C,  wonld  *cc  the  object  SI' 
in  the  dii-eclion  CM',  wliile  one 
on  tilt'  fiiirfaco  at  P  will  see  it  in 
the  dii-cction  P.\f'.  Tlic  differ-  _ 
eiice  of  tlicse  directions  ia  tlie  f<u  iv—TurinUon  oi  iniraUiix  «itb  ibt 
I  angle   /'J/'C.     If  the  observer  """""^ 

'sbuidd  bo  at  tlie  ]X)int  tvhvru  tlio  line  M'C  intei^-cts  tliu  enr- 
fico  uf  the  ennli.  there  would  he  no  parallax:  in  tJiie  case, 
the  object  would  be  in  Iiim  geoc-oninc  Konith.     If,  oti  the  other 
liaiid,  tlie  observer  hna  the  object  in  his  hori«in,  so  tliat  the 
litMJ  Pit"  is  tangent  to  the  surface  of  the  earlJi,  the  angle 
CM"Pi»  called  (lie  horizontal  parallax.     T/ie  fion'x/nil'il  futrai- 
f  tax  it  Vfuat  to  Ihc  angk  ichith  Oie  radium  of  Oie  earth  suhlmfi*  as 
isren/roM  Ott  ohjrd.     When  we  say  that  the  horizontal  |«ralhix 
[of  the  moon  is  67',  anil  ilmt  of  the  «nii  S".S5,  it  is  tlic  same 
thing  8ft  saying  that  i)ie  diaiuctei-  of  the  eiutti  snbtcnds  twice 
those  ingles  w  seen  from  the  moon  and  sim  rcEpectivcIy. 

Owing  lo  tlte  elliptidty  of  the  earth,  nil  its  diameters  will 
Dot  Aiibtcnd  tlic  same  angle;  the  p')lar  diameter  being  the 
shortest  of  ail,  and  tlio  equatorial  the  Imigest.  The  equatorial 
diiunetcr  iis  tlierufurc,  adopted  by  a»trOTiontor«  as  llic  standard 
for  itti-ullax.  Tlie  corresponding  pnmllax,  that  ia,  the  equato- 
rial radios  of  the  earth  as  seen  from  a  celestial  body,  is  callcil 
tbo  E'juatori'jl  llonvmtat  Parallax  of  tliat  body. 
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To  measure  diroctlj  tho  diHtnticc  of  tlic  moon  or  nny  otiici 
bcftvcnly  lodv.  tlic  line  /'f-'iuiiw  bo  re]>lne4*(l  by  the  line  join- 
itig  ilie  positions  of  die  two  obsorverB,  callvd  tbo  base-liiie. 
Knuwitig  tb«  luii^li  und  direction  of  this  basi^line,  and  tliu 
difft^renco  of  directions,  or  iiHrRlU.x,  tiio  di^tnnco  is  at  onvo  ot>> 
tained.  If  tlio  sbsoUite  leiigtb  of  tlie  baee-lino  sbouM  not  he 
known,  tlic  ustmnonicr  conld  still  dctcniiiiiu  tho  proportion 
of  the  diitlancc  of  tho  object  to  tiie  bA»o-lino,  Icnvin^  tlio  finnl 
dotcnnination  of  the  absolute  distances  to  be  made  n-licn  tba 
bucc-lino  cotild  bo  inoasnrcd. 

It  i»  not  always  nc(X«ftary  for  two  ob«crvcra  acttially  to  »!«' 
tion  themselves  in  two  distant  parts  of  the  earth  to  dclcnnine 
&  paiallax.  If  tho  obsorvcT  himself  conld  move  along  tho 
baw-linc, and  Iccep  up  a  scrictt  of  observations  on  the  objoct.to 
see  how  it  iieenicd  to  move  in  the  opposite  direction,  lie  wonid 
still  bo  able  to  dctorniino  its  distanca  Now,overy  obscriror  is 
actual!}'  carried  niong  by  two  sncli  motions,  because  ho  is  on 
the  moving  earth.  He  i*  carried  round  Ilie  6im  every  year, 
ami  round  tlio  axis  of  the  earth  every  day.  We  have  nlrmd) 
shown  how,  in  coneoqiienco  of  the  first  motion,  all  the  planet*^ 
soem  to  describe  a  series  of  epicycles.  Tliis  apjiarcnt  motion 
is  an  effect  of  pnvallnx,  and  by  menus  of  it  the  proportions  o{i 
tlio  fiohir  system  can  be  determined  with  estrome  nccnraey. 
The  base-line  is  the  diameter  of  tlie  cflrth's  orbit.  Hut  the 
pamllax  in  question  diws  not  help  u-t  to  delennino  thi«  bnS6<| 
line.  To  And  it,  we  must  tii'st  know  the  distance  of  the  earth 
from  tho  snii,  and  here  wo  have  no  bww-line  but  the  diameter 
of  the  earth  iL'wIf.  Nor  can  the  aiiminl  motion  of  lite  earth 
ronud  tho  sun  enable  us  to  detcvminc  tho  distnnco  of  tho 
moon.becnnge  rtie  latter  is  carried  ronnd  by  the  same  motion. 

The  rcsnif  'if  rho  daily  i-evolntion  of  the  obtterver  round  the 
Cftrtirs  axis  is,  that  tlie  apparent  movement  of  tlio  planet  along 
its  course  is  not  perfectly  uniform :  when  tho  oliMnTr  is  en*l, 
the  planet  is  a  little  to  tJie  west, and  eicc  term.  By  observing 
tho  small  inequalities  in  tho  motion  of  the  planet  correspond-^ 
ing  to  the  i-otniion  of  tho  earth  on  its  axis,  we  haie  tlic  means 
of  observing  its  distance  with  the  earth's  diameter  as  a  b*a> 
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line,  and  this  diameter  ia  well  known.  Unfoilunalely,  how- 
ever, tbo  earth  is  so  euiatl  oomjiarcd  with  tltu  distances  of  tlio 
platiets,  tiuU  tlie  immllax  in  question  altnwt  e}tidc»  nieutii-o- 
ment,  except  in  tlie  cose  of  tliose  planets  wliidi  are  nearest 
tlio  earth,  and  evcu  llioii  it  is  w  ininntc  that  its  accunto  de- 
toriaiiiation  u  one  of  tlie  most  difficult  problenu  of  modern 
a^lronoiD}'. 

The  principal  diffieultjr  in  dolorminiug  a  parallax  from  the 
nsvolutiotk  of  tlie  observer  uionud  tlic  cartli'«  uxie  ia  that  the 
observations  ni-e  nut  to  \w  made  in  the  meridian,  hut  wlicii  the 
planet  is  iifar  thu  horizon  in  tbo  cast  and  west.  Ucnrc  the 
nuMt  avcnrato  and  eonvviiieut  iii^trunient  of  all,  the  meridian 
(nrole,  cannot  he  i»ed,  and  i«coar&e  must  bo  had  to  methods 
of  obeerratiou  subjoet  to  many  sources  of  error. 

In  mcMining  v'ory  minute  parallaxec,  it  ta&y  be  doubtful 
wlietlier  tlio  ptytiti'm  of  lite  body  on  tl>e  celestial  ephcro  can 
be  determines]  with  the  nooessary  accnracy.  In  thU  case  I'o- 
sort  IE  Bonictiines  had  to  relative  pamllax.  By  tliis  is  meant 
the  <lifreretioe  tMtweiMi  tbo  pitmllaxet  of  two  bodiL'«  lyin^  tuwi^- 
ly  in  the  utnie  direction.  The  most  notable  example  of  tin's 
is  afforded  by  a  transit  of  Tonus  over  tlio  face  of  tlie  enn, 
Td  di-'tcrminu  the  absolute  direction  of  Venus  when  ucarcst 
the  earth  wiili  ilic  accin-acy  i-cquired  in  m«t»ureinenti  of  [«r> 
allax  has  not  hitbeilo  been  found  practicable,  because  tlie  ob- 
servation niiiet  bo  made  in  the  daytime,  when  tbo  atinosplioro 
is  mucli  di-turbed  \>y  llic  nty«  of  the  sun,  and  also  bccaitM 
ooly  a  small  )Mirt  of  the  planet  can  then  be  seen.  But  if  the 
planet  is  acttmlly  bctwoL-n  us  and  the  suu,  so  as  to  bo  sec'u  pro- 
jected on  the  sun's  face,  the  apparent  distance  of  the  planet 
from  the  centre  or  from  the  limb  of  llie  sun  may  be  found 
with  considerable  aoenratry.  Moreover,  this  distance  will  be 
diSeroni  as  wen  from  difTcront  parts  of  the  earth's  snr^ce  at 
tlieaaiDC  moment, owing  to  the  effect  of  parallax;  that  is, dif- 
ferent obciCrvers  will  see  Venns  projected  on  different  parts  of 
the  sun's  face.  But  the  chiuigc  tliiu  observed  wilt  lie  oidy 
that  due  to  the  difference  of  the  pnrnllaxca  of  tlie  two  bodies; 
while  both  diange  their  directions,  that  noarG»t  the  ob«on>'cr 
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oliaoftes  llie  more,  uul  thus  seema  to  more  put  ihe  oUier,  e» 
actly  a«  in  Uio  diAgnm  of  the  lights 

It  msy  be  uked  liou*  t]ic  {wmllax  of  tho  cun  chd  be  found 
from  otiicrvationa  of  tlio  transit  of  Veous,  if  sodi  olMenalions 
ebuw  only  the  difTuri'iico  between  the  panlUx  of  Venus  and 
tljat  of  tlie  ftun.  We  replj  tint  the  ratio  of  tlie  pandlaxe*  of 
the  two  bodies  is  kuowii  witti  great  prevteioii  from  tlio  propor- 
tions of  ttic  system.  AVu  havu  alivady  shown  llmt  tbefie  pro- 
portions are  known  with  great  avuiiracjr  from  the  third  hiw  of 
Ke[ijcr,aiid  from  tlio  antiuni  pantllax  prodnced  by  the  revoln- 
tiun  of  (ho  earth  round  the  eiin.  It  is  Ihiia  known  that  at  tlic 
time  of  tlie  tniDut  of  Venn»,  iik  lS74,tlio  enn  wa»  n^^arly  fonr 
tiuie&  the  diatanoe  of  Venns,  or,  more  exactly,  that  ho  was 
3.7S3  tinius  as  far  as  that  planet.  Con«(Kiufntly,thc  jmralhix 
of  Venus  was  titen  3.763  tiine«  that  of  the  auii.  Tho  diifer 
ence  of  the  juarallaxea,  tliat  in,  the  relative  parallax,  mnst  t)>ea 
have  been  2.7S3  times  the  eiin'i  pAraDax.  Consequently,  we 
have  only  to  divide  tho  relative  parallax  found  from  the  ob- 
scr^'atioiii  by  S.7S3  to  have  tlie  )inr»iUx  of  the  snn  it«elf. 

Slill  another  parallax,  seldom  applied  except  to  the  fixed 
stare,  is  the  Annual  Pamllax.  This  is  tho  parallax  alrt-ady  ex- 
plained MA  dtic  to  the  annual  revolution  of  the  earth  in  its  or 
bit.  It  U  equal  to  the  angle  Hublcnded  liy  the  line  joining  the 
earth  and  sun,  as  seen  from  the  star  or  olliei"  body.  Whun  w» 
say  that  the  ainiual  parallax  of  a  star  is  one  weond  of  arc,  it  ii 
the  flame  thing  as  saying  that  at  tlie  star  the  line  joining  tlte 
earth  and  sun  ^votlld  subtend  an  upparont  angle  of  one  sec- 
ond, or  that  the  diameter  of  the  eartJi's  orbit  would  a^^iear  on- 
der  an  angle  of  two  seconds. 

It  will  he  seen  that  tlte  measurement  of  the  heavens  involves 
two  separate  operation)).  Tho  one  consists  in  the  dctcrtnina. 
tion  of  the  distance  hctween  the  earth  and  the  sun,  which  u 
made  to  dc|)Ctid  on  tho  solar  ])arn1lax,or  the  angle  which  the 
Mmidiametcr  of  tho  earth  anhtcnds  as  seen  from  tho  enn,  and 
which  is  tlie  unit  of  distance  in  celestial  measurements.  The 
other  consists  in  the  determination  of  the  dEstftocee  of  tho  stars 
and  phiiielB  in  terms  of  this  nnit,  wliich  gives  what  we  may 
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C*1I  llic  ])rt)j>ortioiiii  of  tliu  universe.  Knowing  lliis  proportion, 
we  enti  tit^lenninc  nil  the  <ii>tlHiicc»  »f  lliv  nnivi-r»u  ulicn  Uio 
loDgtk  uf  our  niiit  or  the  distance  of  ilio  sun  iskuonru,but  tiot 
bc-forc.  The  (leu-rtiiinulioii  of  this  di«tuiiiw  iit,  thoitrforc,  oiic 
of  the  capital  ]>rubli;in»  of  aHtmnoiny^as  well  aA  oneof  llieiiiost 
diflicii1t,to  tlio  solutiou  of  which  both  sndeut  and  modern  &s- 
tronomcn  liave  devoted  ntaii)'  cffoit*. 

I  2.  J/en Jitra  0/  tite  Distnna  of  tftt  Stin. 

Wo  liAvo  nircady  ahowii,  in  dL'^vribin^  the  I'lmsu*  of  tl>e 
moon,  how  Arislarchti&  attcnipttid  to  determine  llio  diatanoe 
of  tlie  sun  hy  measuring  the  angle  between  the  sun  and  the 
moon,  when  the  latter  iippenred  lialf  ilhuninittcd.  Kroin  tlita 
iiieAHUfe,  llie  aim  was  Knpposcd  to  bo  tweiilv  times  an  far  na 
the  moon;  a  reenlt  which  arose  solelj'  from  the  aueideiital  er- 
rors of  the  obecrvatioii*. 

Aiiutlicr  method  of  ntlncking  itie  problem  wai  applied  by 
Ptolemy^  but  ia  ])robablr  due  to  IIi|)parchua.  It  i-csta  on  n 
very  ingcniouti  geoiuotncal  eonetriictioii  foiindud  on  tlm  piiii- 
cipju  that  tlic  more  dlfttant  the  etiii,  tlie' narrower  will  be  the 
sbftdow  of  the  earth  at  the  diMance  of  the  moon.  The  actual 
diameter  was  determined  from  an  ingenious  combination  of 
two  partial  cclipsiM  of  tlic  moon,  in  one  of  whieli  half  of  the 
moon  was  sonth  of  the  limit  of  the  sliadow,  while  in  the  otiicr 
three-foarths  of  her  diameter  was  nortli  of  the  limit;  that  is. 
Olio  fourth  of  tlic  moon'^  di»k  utw  oc]i[Med.  It  was  thus  found 
that  the  moon's  apparent  diameter  wna  31i',  and  the  appar- 
ent diameter  of  the  shadow  4t)|'.  The  former  nmnber  was 
certainly  remnrkubly  near  the  truth.  From  this  it  was  con- 
claded  tliattlte  sun's  pai-allax  was  3'  11",  and  hia  diiilanool^lO 
jTA^yi  of  the  earth.  Tliis  result  was  an  entire  mistake,  arising 
from  the  imccrtainty  of  any  measure  of  eo  (niull  an  angle. 
Kcftlly,  tlie  jurallax  ia  ao  mintile  a»  to  ehide  all  mensnremeiit 
nnth  any  instrument  in  whieh  the  vision  is  not  assisted  by  the 
UK  of  n  tele&coi«.  Vet  this  result  continued  to  tigtiro  in  as- 
tronomy throngi)  the  fourteen  centnriea  during  which  the  "  J^ 
irui^f"  of  Ptolemy  was  the  supreme  authority,  without,  a]ipar- 
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ently.  aiij  sstronoroor  being  bold  eiKii^i  to  terioDsly  onde 
lake  iie  ruvisioii. 

Keiiler  and  Ids  contemporariee  raw  cteai-ly  tliat  tliU  dutaooe 
man  be  &r  too  stnall ;  but  uU  Uiuir  dbUiiuUcb  fell  fthoit  of  ibe 
tratlt.  Wcnd«ll  cuuc  ucnratt  tiie  truth,  u  be  claimed  thkt 
the  [ttrallax  could  not  exceed  15".  But  tbo  boet  ostinuUO  of 
tbv  K'vcntociitli  century  was  inado  by  Uuyghctt»,*  tlie  rvasoQ 
wliy  it  wa«  Itw  bcbt  being  tliat  it  ww  not  founded  ou  aujr 
attempt  to  mcasnre  the  paraltax  itsulf,  wliiuli  w«s  tben  real- 
ly iuc^iable  of  muasurcmonl,  but  oii  tliu  prulwbic  magnitude 
of  tlie  eartJi  u  n  pUiioi.  Tlie  [mrallax  of  tlie  »an  ifi,  as  al* 
ready  explained,  tlie  ajipni^it  eemidiauielcr  of  tltc  earth 
seen  from  ibo  son.  If,  tlieu,  wo  can  find  what  »lte  tliv 
would  B[>]>o«i-  if  H-cn  from  the  aim,  llie  prgblem  Acould  at  < 
be  solved.  Tlie  apparent  ina^rnitudoe  of  tfae  planets,  as  seeu 
from  tin;  uartli,  ai-u  fonnd  by  direct  m«a»nn.-mciit  witli  the 
tL'liftcupe.  Tbo  proiH>rliuue  uf  the  Euijir  sy»teni  being  known, 
as  alrowly  cxptoiiied,  it  U  very  cuy  to  determine  tlie  loagiti- 
titdes  of  all  tlic  planets  as  ecen  fi-om  the  sun,  tbo  earth  alone 
vxce))tC!d.  Tlic  idea  of  llnygliinis  was  ibat  tliv  cailli,  lM.-ing  a 
planet,  it«  magnitude  would  probably  be  eoincwhero  near  thai 
nt  tlie  ftvei'a^  of  the  two  planets  on  each  c^ide  of  it,  liainely, 
Vetitie  and  Mare.  So,  taking  tlte  inran  of  tlto  diametcnt  of 
Veiins  and  Mars,  and  suppoaing  tliis  to  represent  tlie  dinmoter 
of  the  cailh,  ho  fonnd  the  angle  whicli  tlie  semidiamelcr  of 
the  &np)>u«cd  cauli  would  subtend  from  the  euu,  wliicli  would 
bo  the  aolar  pnmllax. 

Attlioiigh  this  method  may  look  like  a  happy  mode 
gncssing,  it  wa^  mncli  more  reliable  tlian  any  which  had 
fore  been  applied,  for  the  reason  ttiat,  in  snppoting  tlio  niag> 
nitnde  of  tite  eartli  tn  be  between  tlioee  of  Venus  and  Ui 
be  was  likely  to  be  nearer  the  trntli  than  any  meosnre  of . 
angle  enliroly  invisible  to  the  naked  aye  would  be. 

An  attempt  of  the  snnic  kind  nmdo  by  llorrox,  celebrate 
in  tlie  historv  of  aMi-onoinv  a»  tlie  tii-st  obNiiver  of  a  tmnsttl 
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of  VeniiF,  U  alsft  wortliv  nf  inonlJon.  He  held  n  Ilioory.  wliieli 
wo  now  knuw  lo  lio  enwieons,  tliJit  tlio  diainctei-s  uf  die  plan- 
ets ux'ix;  pmiKiiliounI  to  tlioir  diaMnoes  from  tlio  fiiiii.  bo  tiint 
their  iMigiiUr  diftmeter  iw  tuxn  fi-oni  the  snn  would  bo  the 
tame  fur  tJium  nil.  Thie  migulur  dmmcter  ho  e«tiitiat«d  nt 
as".  Tlw  ftoliir  pHrsllax  hoiiiy  equal  lo  tli«  scinl-diainelcr  *if 
tlie  carili,  lUt  seen  from  the  mn.  it  wonld  fidlow  from  this  thnt 
the  solar  immllax  u-as  14".  Thi»  rwnlt,  ihoii^i  iniu-li  farttiur 
front  lli«  truth  thnti  that  of  niivj*heiis  \km  a  great  advaiK-o 
on  any  that  had  preceded  it. 

We  now  ooiiie  to  the  nio<lern  methods  of  nieasnriii^  tho 
parallax  of  lite  eun.  These  consist,  not  in  measuring  this  pai-- 
allax  directly,  because  tlii«  cannot  cren  now  ho  done  with  any 
acciirai^v,  hnt  in  tiieasnriii;;  the  parallax  of  one  of  the  planeu 
Vcnns  and  Mars  wli«n  m-nn^t  tlic  earth.  These  planets  )iass- 
itip;  from  time  to  lime  niiK-h  ni'Si'er  to  n%  than  the  emi  docs, 
have  Utcn  a  much  lar^r  )>ara1lax,  and  one  which  van  easily 
Iw  measured.  Having  the  pai-alla.v  of  the  planet,  that  of  t)ia 
inn  is  determined  from  the  known  pro[ioi'tiuii  between  their 
m|)cctive  distanooft. 

The  first  application  of  tliis  motliod  ttas  made  hy  the  Fi'cnch 
astratiomers  to  the  planet  Mans.  In  It(7t  thuy  sent  an  e\' 
pedttion  to  the  colony  of  Cayenne,  in  Suiitli  America,  which 
mado  observations  of  the  position  of  Mars  dnrin^  the  oppo^- 
li«m  of  1C73,  while  cori-espowding  observations  were  made  at 
Iho  I'aris  Ol»crvatory.  Tlie  diffcience  of  tho  two  apparent 
poKiliuii?,  reditocd  to  the  same  moment,  j^ve  the  parallax  of 
Mars.  From  a  di&cnssion  of  tlioso  obscrvatione,  Cassini  con> 
i-lndcd  the  parallax  of  tlie  sun  to  be  9".i>,  corresponding  to  a 
tlisinnoo  of  the  sim  et^nal  to  21,<(U0  semidiametera  of  the  earth. 
This  distance  was  as  mnch  too  small  as  Hnyghens*E  was  too 
^reat,  lo  that,  a.<i  we  now  know,  no  ival  improvement  was 
made.  Still,  the  data  wei-c  mnch  more  certain  than  those  on 
which  the  estimate  of  Hnyghens  wn«  made,  and  for  a  hundred 
years  it  was  geneially  considered  that  the  imnV  paraMax  u'oa 
altnnt  10".  and  hie  distance  hetween  80  and  90  millions  of  miles. 

Tliu  luuthod  bv  ohaervalioii^  of  Mars  i»  i^ttll,  in  some  of  its 
I  '  13 
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foniiti,  aniotij;  (1io  nio«t  xalunblo  whicli  liavc  bocn  applied  to 
the  dete I'll) illation  of  tlio  solar  parallax.  About  once  in  six- 
teen \i'ai«  Mara  appruocbos  alnioAt  as  near  ilio  earth  »s  Vviiitc 
dcieit  Ht  the  times  of  hi^r  ri-niitiit»,  thi^  fiivoi-nMf;  linie«  beinu 
tlto6G  when  Mui-s  at  opposition  is  near  liJs  )>enhclion.  His 
dii^tanoo  outside  the  canh's  orbit  io  then  only  0.3T3  of  tlm  ua- 
tniiioniiial  nnit,  or  34^  inillioiis  of  mile*,  while  ut  hi«  n[>lie> 
lioii  tlio  ^JRldnce  is  riearlv  twice  ain  ^leat.  At  the  neai'esl  oj*- 
po6ilioti«,his  parallax  U  over  £3",  an  anglo  which  van  bo  meas- 
itivtl  witli  Bonic  Acctti'ftcy.  The  displaccniont  of  the  plaiwt 
due  to  jiamllax  U  (lieu  found  by  coinpnniif^  the  results  of  oli- 
scrvations  in  the  two  hemispheres. 

An  expedition  of  thiii  sort  wa«  that  of  CiiplAtn  Jsinm  M. 
GiUiti*,  Ifite  of  the  t'liittnl  States  Navy,  wlio  went  ont  to  Chili  in 
1849,  and  remained  till  1S53,  for  the  pnr|>06e  of  ohwrviug  tlio 
paralluxi's  of  both  Venus  and  Mnr».  l1io  ino&t  roei.-nt  expe- 
dition wan  that  made  to  the  Inland  of  A«ceu»ion,  in  the  year 
1S77,  by  Mr.  David  Gil),  now  Astronomer  Royn)  at  the  Cape 
of  Good  IIupi'.  In  tlint  vcar  ilic  o|ipuHilioii  of  Miii%  occnnt-d 
within  n  f<.-w  duvs  of  the  lime  of  hi»  paiiein<;  [)erilielion,8<.<  thnt 
he  approaulicd  nearer  the  eartli  than  at  any  time  within  tl>o 
last  thirty  ycniv.  Mr.  Gill  tuuk  advantn^  of  ihig  eirtnui- 
stAiK-e  to  determine  the  ]iarnllKx  hy  the  aid  of  the  helion>etLT. , 
lie  did  not,  however,  depend  n])Dn  vori-eepondhig  obsorvatJoia 
in  other  ivgions  of  itiu  earth,  but  plunnvd  out  )ii«  work  so  m' 
to  nicji^nm  the  elinn^c  in  the  dire(;tiun  uf  Mai%  oa  the  oh* 
server  was  earned  around  hy  the  rolatioii  of  tlio  varllL  Iii 
consequence  of  tlii#,  when  Mara  wiu  near  cither  horizon  lie 
would  apj)ear  lower  down  than  if  lie  were  viewed  from  )iie 
eenti'e  of  the  earth.  Tlio  Island  of  Aeccinsiou  being  near  the 
equator,  the  direction  down  when  Mars  was  in  ilie  cast  would 
be  nearly  opposite  the  corresponding  direction  wlieu  Mar* 
was  in  the  woet.  Consoqucntly,  the  motion  of  Mars  would 
not  bo  ]»erfoctly  uniform  and  i-ej^ular,  Inil  there  would  l»o  n 
daily  oseillntion  due  to  parallax  which  Mr.  Gill  undertook  t-> 
measure.  The  linal  result  of  his  obecr^-ations  gave  8".7S  for 
the  Golar  panOIax. 
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g  3.  Solar  Parallax  from  Trftmits  of  Vtnus. 

The  most  celebrated  inelli(Ml  of  dvtt'i'iiiiiiii>s  ttio  Htlnr  yaxtA- 
lax  li»s  Itcoii  lij'  transits  of  Vuniift  over  tlie  face  of  tti«  Htm,  by 
whiuli  th«  diffci'eiive  betweeu  Uie  jmmllax  of  the  planet  Biid 
that  of  the  stm  can  be  found,  as  cxplahiod  in  §  1.  Wu  know 
from  our  a&trononiiuul  tnbk-s  that  lhi«  {ilwuoinunoii  lius  i-coiir* 
ml  ill  a  c-crtain  regnlar  t-yclo  four  linwa  every  24i}  years  for 
atany  eenlnries  post.  This  cyulo  is  otadu  \\\>  of  four  Jiitcn'sls, 
tlio  lengths  of  which  arL-.tn  rti^itlar  order,  105^  yenn*.  S  ycai-», 
131^  yeara,  8  yeai«,  after  whiuh  the  intervals  rcpcal  thora* 
ie1v«9.  The  dates  of  oucurrcuco  for  eight  cuntiiriu  ara  aa 
(otlowe : 


IMV. JniicSJ. 

„.,..,. Juiiu  lit. 

Docemder  Tt  li. 

i... Dnceiuli«r  4tb. 

mi JoneOili. 

IT09 jDn«3J. 

1874 Deccrober  Ihli, 


)83< DocorobcrGib. 

VKH _.  Juno  Kill. 

WIS „..Jpi»«lli. 

SlIT _..I)«rankbnllibL 

i\ii „ „...Ut(WRib«r«ilL. 

S2t: _ Jnnelllh. 

rar. jua«uiii. 


It  has  been  only  in  comparatU'ely  recent  times  tlint  this  phc^ 
nnraenon  nonid  he  prediiited  and  observed.  In  the  years  i."»lft 
and  \tyi&  the  idea  of  iookinf^  for  »neh  a  thing  does  not  seem 
to  have  oociinvd  In  any  one.  Tiie  fnllowinjr  century'  gave 
biftli  to  Kepler,  who  so  far  improved  tlio  planetary  tables 
as  to  prediet  that  a  ti-an»it  wonld  ocenr  on  Dercmbcr  6lh, 
1C31.  lint  it  did  not  commence  until  after  Bnii&et  in  En- 
rope,  aiid  wa«  over  before  sunrise  next  morning,  so  that  it 
]Aii««4l  entirely  imohwrred.  rnfortniuitely,  the  tables  were 
so  fur  from  aecnrate  llmt  iliey  failed  to  indicate  the  transit 
which  occnrrrd  eight  ycaro  later,  and  led  Kepler  to  announce 
tlist  the  plienomenon  wonld  not  i-cenr  till  1761.  Tlie  tmn#it 
of  16f)9  wonld,  therefore,  like  all  former  ones,  have  passed 
entirely  Hnobserrctl,  had  it  not  been  for  the  talent  and  enttin- 
naetn  of  a  yonng  KngU«hnian.  Jeremiah  Ilon-ox  was  tltcn  a 
young  cnrate  of  eighteen,  residing  in  the  Xorth  of  England, 
vbcoven  at  lluit  (.-aily  age,  wn»  a  master  of  the  lulronoiuy  of 
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lib  times.  Compariiig  different  titbtcfi  with  liis  own  ob«rv» 
tioii*  vt  Vcnii».  lie  found  ttiat  a  transit  iiiij;lit  be  ex]>ei.-tod  to 
occur  on  Deveinlier  4tli,  and  prepared  to  obeen'v  it,  after  the 
fseliiuti  tlivn  in  voijnc,  liy  leltinj;  tlio  imitjiru  of  tlic  snn  (wssi 
througli  liis  tvle»copc  fall  on  «  »crc«n  l>eliind  it.  Unforti 
itately,  the  day  was  Siiuday,  aud  liia  clerical  duties  prevented 
Itb  SL'cing  tlio  ingrcM  of  tlic  plaiiul  tijtoii  ttio  tolar  dtsk — a.  vir- 
enin«tanue  which  wicncc  liaA  mourned  for  n  ceiitiiry  ]ia«t.nnd 
will  liave  reason  to  inoiim  for  a  ccntary  to  come.  Wlien  lie 
retiimir'l  from  cliitreli,  lie  was  overjoyed  to  hk  llic  pinnct  n 
the  fuvc  of  the  ftiin,hitl,  after  following*  it  half  an  hour,  the  ap^ 
proauli  uf  sunset  (winjwlled  him  to  snspend  his  obserrations. 

During  tltc  interval  bctwefrn  this  and  ihu  next  Intnsit,  wtiid 
occuri-ed  in  ITCl.exac-l  asti-onomy  made  very  raiud  pm] 
through  llio  discovery  of  the  law  of  gmviiation  niid  tho  it 
plica:ii>ii  of  the  tcloMOiw  to  celcstinl  iiiea«ni-oni(;nt&  A  gnat 
additional  inlvi-»t  whs  hMit  to  llic  phciiomciion  by  Ualloy's 
disoovenF*  tliat  oltaervatioiia  of  it  made  from  distant  jioinb*  of 
Uie  earth  could  be  ns«d  to  deteruiinv  the  distance  of  tlie  enu. 
The  principles  by  which  the  pamllaxc*,  and  therefore  the 
dtst«ncc»,of  Venna  and  the  sun  ni-e  dclennined  by  Hallcy> 
metlHMl  are  quite  simple.  In  consequence  of  ihe  parallax  oi 
Vena8,two  obecrvoi'S  at  distant  points  of  the  eunh's  snrfaoc, 

watvhing  her  oonrse  over  tho 
solar  diek.  will  sec  her  deeoribfl 
slightly  difFerunt  palh»,iK  sitown 
in  Fig.  50.  It  is  by  tlie  di^tanvo 
b«two«n  thcsu  paths  that  Ihe  pa: 
allax  luu  hitlicrto  bccti  de|i 
mined. 

The  cssentinl  priiiciple  of  Hal- 
loy's  method  consi»t«  in  the  n>od6 
f.,iw-Api.r,,ti«Ui.«tv,i,a..t™.  of  determining  the  distance  be- 
ibc«ii,uMnihn>diff««ntM*iWM  twcen  these  apparent  iwtlis.     Ait 

dnrlaD  loa  (ruull  or  IST4.    Tb(  apixr    ,  r    i       i-  .111 
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imM  ib«  faiM  <•  tncK'iini-         snu  s  centre  is  shorter  than  U:« 
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0tlier,6O  that  Venus  will  pass  over  tJie  sun  more  qnickly  wlieii 
watctiod  fix>iii  a  Koiitliuni  etiilion  tliaii  wlicii  iviituliL'd  frum  ii 
nortlicrn  one.  Iliillt-y  ilierefore  pivijio&eil  timt  llie  different  olt- 
Krvera  slwiild,  with  n  tel(^suo|)o  and  a  chmiioaietcr,  nolv  tho 
time  it  took  Vvnus  to  \i»a&  uwr  thu  duk,  und  Uio  difFcrcn<»i  Ua- 
tu-rcii  tJteie  tiinea,  u  Ken  fi-oin  different  «>liliutis,  would  fpve 
the  means  of  dctcnniniiig  the  dilTei-enoe  hetwccn  the  paridluxee 
of  Venus  and  tliu  ma.  The  mtiu  hotn-eeii  llic  di«ian(.-o«  of 
the  planet  and  the  »iin  ia  known  wIlIi  great  exavtiiM*  hy  Kb|)- 
ler'a  third  law,  from  whiuh,  knowing  tlie  dtffoninucs  of  parul- 
laxee,  tlie  diKtanoo  of  gsl-Ii  body  cau  be  determined. 

By  this  plan  of  Ilallcy  (l>e  observer  mii^t  note  with  t^rvnt 
exftvtnees  the  times  both  of  beginning  and  end  of  the  tmnsit. 
Tliere  arc  two  pjtasct  which  may  ha  observed  at  the  beginning 
and  two  at  tlie  end,  making  four  in  all. 

The  tii«t  is  that  when  tho  planet  first  touches  die  edge  of 
tlie  eular  di»k,  and  begins  to  make  a  nuteh  in  it,  lu  at  a,  Fig.  &U. 
ThU  ia  called ^rjl  exUmal  eonliKl. 

The  second  is  that  when  Urn  planot  has  just  entered  entirely 
Dpon  tiic  Sim,  as  at  b.     Tins  is  called /icsf  inUrnal  conbtrt. 

The  third  contact  is  that  in  which  tlie  planet,  after  ci-Maing 
tlie  sun,  lirst  reaehes  the  edge  of  the  di»k,  and  be^iiu  to  ff> 
off,  as  at  e.     This  is  called  srrond  internal  contact. 

Tito  fonrlli  coiilaet  i«  that  in  which  the  planet  finally  disap- 
jienrs  from  the  face  of  the  eun,  as  at  d.  Thia  is  called  tecond 
eztemal  contact. 

Xuw,  it  was  tlie  opinion  of  Ilallcy,  and  n  very  jilaiisihlu  one, 
too,  that  the  internal  contacts  could  he  observed  with  far  great- 
er accuracy  than  tho  extonial  ones.  Ho  founded  this  opinion 
on  htfl  own  ex[)eriencu  in  obseninir  n  tnuitit  of  the  phinct  Mor- 
<airy  at  St.  Uclena  in  1677.  It  will  he  seen  by  inspcting  Fig. 
51,  which  represents  the  position  of  the  planet  just  before  liivt 
internal  contact,  that  as  tlie  [danet  moves  forwai-d  on  the  »ohir 
disk  the  sharp  lumis  of  light  on  each  side  of  it  approach  each 
other,  and  that  the  moment  of  internal  contact  i«  marked  hy 
time  lioriis  meetinjK  eacli  other,  atid  forming  a  tlircnd  of  light 
mil  the  way  across  iho  dark  s)>ace,&s  in  Fig.S^    This  tliread 
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Tm.  ni Venm  n|iiin)achtne  Intininl  contocl  nu 

tba  fiiiM  ol  Tlio  ■uii,    Tbo  iiluucl  b  »up|KW«il 
lu  b«  muTlug  upvrtTil. 


of  light  19  indeed  sitnpiv  tlio  cxiretiio  edge  of  the  etm's  disk 
4x>tii'iig  into  viuw  buliiiid  iEhj  plnnot.     In  observing  tlio  ti-nn- 

6itof  Morourr,  llalley  felt 
sure  tli«t  ho  cutiid  fix  tlto 
moment  at  which  llic  hon»ft 
met,  and  the  edge  of  tJie 
Kiiii't)  dtftk  n{)])eAr(.'(]  nii- 
hiv>l<e)i,  wilhiik  a  »iiiglc  Mc- 
oiid;  and  ho  hetice  con- 
irliided  (Imt  obwrvcre  of 
the  transit  of  Vetitis  could 
ol>§ei-\i]  tli«  time  i«qnireil 
for  Vei)ii«  to  ytOA  sltom 
the  EDit  wirhin  one  or  iiru 
Bocoiidtf.  Thcso  times  votild 
differ  in  different  parts  of  the  eftvth  liy  fifteen  oi-  rwcniv  min- 
utes, in  cotiseciiienee  of  pamlla\.  lleiiec  tt  folloncd,  that  ii 
IIiiUoj-'s  estiinato  of  the  dc- 
gnio  of  acenmev  nttiiinable 
were  eorrect,  tlic  parallax  of 
Venus  and  tlio  sun  wuiild  be 
deterniiufd  hy  the  pittposed 
ejTstom  of  obscrvationa  within 
the  »ix  hundredth  of  ite  whole 
ninonnt. 

When  the  long-cxpeclcd  5th 
of  June,  l"fil.  at  length  np- 
prna(Tlied,  wlii'-h  was  a  gener- 
ation after  IlnllevV  death,  ex- 
peditions were  Bent  to  distant 
parts  of  the  world  by  the  principal  Eiiro|iean  nation!)  to  make 
the  required  ob«crvAlionii.  The  Frunc-li  scut  out  from  among 
their  Mtronomers,  Lo  Gentil  to  Pondiclierrr;  Pinirr<5  to  Rod- 
riguez Island,  in  tlie  neighborhood  of  tho  Maiiritine;  and  the 
Abbe  Chap|Hi  tu  Tobolsk,  in  Siberia.  The  war  with  England, 
niifortnnatelr,  prevented  the  firat  two  from  i^aching  ittcir  stn- 
tions  in  time,  but  Cliappu  was  Kiiccceeful,    From  England,  M» 
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son — lie  of  tlio  culolirated  Mason  and  Disnn'a  IJne — was  nnt 
to  SiiiiiUm ;  tiut  )ii%  t«>o,  waa  etop^-d  t)y  ttio  war :  Maskolrne, 
the  Astronomer  noynl,  wafl  senl  to  St.  Helena.  Doiiiiiark, 
SwccJon,  atid  liiiMia  alto  sent  ont  oxpdilioiK  to  rarions  \xAn\A 
ill  Kimi]>i*  and  Atiia. 

With  tiioee  obeei^'ers  who  n-ere  favoi-ed  t>y  fine  wentlier,  t]ie 
onliy  of  tliv  (Inrk  body  of  Ycnn«  upon  thu  limb  of  tlie  sun 
wiu  wen  very  mx-11  until  the  ■:ntiual  inoineiil  of  internal  con- 
tact approacUed.  I'heii  tliey  were  perplexed  to  find  lliat  tlie 
plooot,  instead  of  pivsurving  its  circular  form,  appeared  to 
ailiiuic  the  slmpc  tti  »  [Ktur  or  a  Imllonii.  the  eloiignlcd  jiortion 
being  connected  with  tlie  limb  of  the  sun.  We  give  two  fig- 
ures, 53  and  TiS,  the  firftt  «liuwin<;  huw  the  planet  on^ht  to  lia^'e 
looked,  the  lost  how  it  really  did  look.  Now,  we  can  readily 
see  tliat  the  obeerver,  looking 
at  «nvli  nn  appcaraiioc  as  in 
Fig.  bZ,  would  be  nnnble  to 
say  whether  internal  contact 
bad  or  bad  not  takim  plavc. 
The  roand  jmrt  of  the  planet 
■9  entirely  within  the  sun,  so 
tbat  if  ho  judged  from  Ibis 
alotio,  he  would  t^ay  tliat  in- 
tonial  contact  '\*  pa^ACd.  rtiii 
tlie  boms  are  still  separated 
bjr  Uits  dark  elongatiun,  ur 
I  "Made  dro[\"  as  it  U  general- 
ly called,  so  that,  jiidifing  from  lb!?,  internal  c«}nl8ct  has  not 
taken  place.  TIk-  rifiilt  wa»  an  niii^ertainty  HOinctinice  anioimt- 
ing  to  nearly  a  minute  in  olwervations  whidi  were  expected  to 
be  correct  within  a  sinple  second, 

\V)ton  the  parties  mtnrnvd  homo,  and  tboir  observations 
wens  computed  by  various  RRtronomers,  the  resulting  values 
of  ibe  Bolai-  parallax  wore  foiind  to  range  from  8".5,  fonnd  by 
Short  of  Engbnid.  to  10".5,  found  by  ringii-.  of  France,  so 
that  tJiere  was  nearly  as  much  uncertainty  as  ever  in  the  x-alue 
of  tlie  element  sought     Notliing  dannted,  however,  prejiara- 
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tioae  yet  more  oxloneiw  w-oro  made  to  obMrvo  tlic  tratii»it  of 
1T69.  Atnoni;  the  olwervere  was  one  wliose  jiatience  aud 
whofie  foitntie  must  cxcito  oiir  n-armeet  evuipalhics.  Wv  liavo 
fiaid  tliat  ha  Gciitil,  sent  out  \>y  tho  French  Ac-ndvitiy  to  o1> 
sorvc  die  frniisit  of  ITOl  in  tlie  Enst  Indies,  \m9  j>i-oveiited 
front  readiing  liis  etntion  \>y  tlie  war  witli  England.  Finding 
tlio  lii-»t  |iort  lio  sttcin]klvd  to  rcavli  in  tli<!  posscMion  of  tlio 
Knglirili,  his  ooniinRnder  nttcinpted  In  iimke  nrmtlier,  und, 
meeting  with  unfavotablo  ninde,  wtis  still  at  &oa  on  tlie  day  of 
tlic  transit.  Uc  lliiTeii|H>n  funned  (lie  i-v»olutioti  of  remain- 
in;;,  witli  hiJR  instrument,  lo  ol^erve  the  transit  of  17fi9.  llc 
was  enabled  to  support  himself  by  Kunie  successful  mercantile 
adveiitnrof.  luid  lie  nUo  Jiidiistrioitfly  devoted  hiinself  to  scion- 
litic  ubs«r\atii>nB  and  inquirieec  Tho  longdooked>for  morning 
of  Jnno  4tli,  17ft9,  found  him  thoroughly  prepared  to  make 
the  obwrvation*  for  which  lie  had  waiiixl  ei^ht  long  yeare, 
Tho  sun  ilione  ont  in  a  (londleto  sky,  tis  it  had  etionc  fur  a 
iHindier  of  daj's  previously.  Uiit  just  as  it  was  tinio  for  t)iv 
transit  to  begin,  a  sudden  etorni  ai-o6C,  aud  th«  eky  became 
oovered  witli  cloiidH.  When  tliey  cleared  away  tho  irauEJt 
was  oLvr.  It  was  two  weeks  before  the  ill-fated  astronc^ner 
uoiild  hold  the  pen  which  wn^  to  toll  his  friuiide  iu  Paris  the 
etory  of  his  disappointment. 

In  this  transit  the  ingrese  of  Vcnns  on  the  limb  of  tho  snn 
ocenrred  just  before  tlio  sun  was  sotting  in  Western  Eui<«pe. 
which  allowed  nninbers  of  observations  of  the  first  two  phases 
to  be  made  in  England  and  France.  Tiie  eoHuneneenicnt  K'as 
also  visible  in  this  eonnlry — which  was  tlien  tJicse  coloiiiw— 
under  very  favorable  ctrcinnstaneos,  tind  it  was  well  obeerved 
by  the  few  astt'onomers  we  then  had.  Tho  leader  among 
llieiv  wfis  the  talented  and  enthnuastic  Kittonhouse,  who  was 
already  well  known  for  his  indi)?.rry  as  an  observer.  The  ob- 
servations wei'e  organized  under  tho  Rn!>|)i<;eB  of  tlio  American 
FhiloBOphical  Society,  then  in  iho  vigor  of  its  youth,  and  poi^ 
ties  of  observem  were  stationed  at  Norristown,  I'hiladclphia, 
and  Cape  Ilonlopon.  These  observations  have  every  B)>pcar- 
uice  of  being  nniong  rhe  tno»t  aecuraio  mado  on  the  transit; 
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but  Ilieyliftve  not  received  llie  consiilei-ation  to  which  they  are 
cntitit^tl,  purtly,  we  »in>i^iiiec.  K-caiiev  llio  altitudu  of  tlie  »iin 
wu  too  f;re*t  to  aJitiit  of  their  being  of  ninvh  rattie  for  t}ie 
determination  of  j>arallax,  and  jinrtly  because  they  were  not 
very  lu-vuixJaiil  vritli  the  EiiruiK'sn  ubevrvutioDS. 

Tlie  plieiioiiiena  of  lite  dJi'tortiou  of  tlie  planet  and  tlie 
"black  droiJ,"  already  described,  woro  noticed  in  this,  as  in 
the  prcuxliiift  trAimit.  It  is  strongly  indicative  of  thu  til 
prep«nttion  of  U»e  observera  that  it  seems  to  ha\'e  taken  them 
all  by  enrprise,  except  the  few  who  had  observed  the  preced- 
ing ti'an»it.  Tlui  cttUMi  of  tiie  uppeoraucc  was  liret  pointed 
out  by  Lalande,  and  ia  biiefly  this:  when  we  look  at  a  bright 
object  on  a  dark  gi-onnd,  it  looks  a  little  larger  than  it  real, 
ly  i»,  owing  to  the  CDci'oachnieiit  of  the  light  n]>oii  the  dark 
border.  This  encroaohinent,  or  irradiation,  nuy  arise  from  a 
nnmber  of  cansvs— imperfections  of  the  eye.  iin|)crfections  of 
tiiu  luusc*  of  tlie  leli-«<.-o|io  when  uii  iii»tri)uieiit  iis  nscd,  and 
thu  softening  effect  of  the  atmosphere  when  wo  look  at  a  ee- 
lestiid  object  nciir  thu  horizon.  To  undei-staitd  its  effect,  wo 
have  only  to  imagine  a  falt»c  edge  )iaiiited  in  white  around  tlie 
borders  of  tlie  bright  object,  the  edge  becoming  nni-rou'cr  and 
darker  where  the  bright  object  is  reduced  lo  a  very  iiurrow 
line.  Tliitf,  by  painting  aruiind  the  bordcre  of  the  light  por- 
tions of  Fig.  ol,  wc  have  formed  I''ig.  A3,«nd  pro<]uced  an  sp- 
])eannoo  qnilc  similar  to  that  described  by  the  ohservei«  of 
tlte  transit.  Tlte  hotter  tho  telescope  and  tlie  steadier  the  at- 
iDoeplicre,  the  narrovi-or  tlii»  border  will  Ite,  and  tlio  more  tlig 
pUaet  will  seem  to  preserve  its  true  form,  »s  in  Fig.  52.  In 
ibe  observations  of  tliu  recent  transit  of  Vcnns  with  the  iin* 
proved  in6tmir.en(«  of  the  present  time,  very  few  of  the  more 
experienced  olfservers  noticed  any  distortion  at  all. 

The  results  of  tho  observations  of  176d  worn  much  more 
accordant  tliau  those  of  1761,  and  seemed  to  indicate  a  paral- 
lax of  about  S".S.  Cnrioua  as  it  may  seem,  more  than  half  a 
century  ela^^ed  after  tlio  transit  before  its  lesults  were  com- 
pletely worked  lip  from  all  the  observations  in  an  entirely 
Hticfavtory  iiianiier.     This  was  at  lengtli  dono  by  Euoke,  in 
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1824,  for  both  traneits,  the  respit  giving  S".577d  for  the  eotftT 
parftllttx.  Soino  suspicion,  lion-cvor,  attached  to  some  of  the 
obsen-ations,  wliicli  he  was  not  at  tlint  time  able  to  retnovo. 
In  1835,  liaviiig  examined  the  original  reoonis  of  the  oluierva- 
tions  in  qu4.«tiun,  he  corroctfid  liis  work,  aud  found  the  foIlovT' 
Uig  »c[)atiite  rcftiilts  from  tlie  two  tmiiutt: 


rnmllnx  from  Uw  obMrtMion*  of  ITSl M".U 

rnmllax  rrora  the  olitorvntio'it  of  I7<19 8".G9 

Slcial  prvbitbU  mult  fminliolli  (rnnkili ,., 8".S7] 
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The  probahtc  error  of  the  result  u-a»  cstimntcid  at  0".037, 
wtiicli,  tlioiigh  larger  than  was  expected,  was  miieh  le««  than 
the  nctnal  error  has  sinfo  provod  to  bo.  The  corresponding 
dUtancu  of  tho  sun  is  ])ft,3TO,000  milee,  n  chuMc  number 
iido{>ted  hj  afitranomcrB  everywhere,  and  familiar  to  c^X1T 
one  who  has  rend  any  work  on  Ai^troiiomy. 

This  ii«iilt  of  Kucke  was  iveeivcd  without  qnnlion  for 
more  than  tliirty  ycara.  But  in  1864  the  wlebiated  Hanson, 
completing  bis  JTivestigations  of  tbc  raotiona  of  the  moon, 
fonnd  that  bor  observed  jwsitioiis  near  licr  lir^t  sud  last  rjnar- 
tens  could  not  be  accounted  for  excejit  liy  8i>ppwing  tho  jiar- 
albix  of  the  film  increafiGd.  and  tberofoi-e  hie  dislann!  dtmin> 
ished,  by  about  a  thirliclh  of  'nt^  i-ntirb  aniunnt.  Tlie  exist* 
encc  of  this  error  bas  aiiice  been  amply  vimtimncd  in  sovonl 
irays.  The  fact  \s,  Uiat  althuiigli  a  century  ago  a  iran^t  of 
Veima  afiordod  the  most  ai-eiiralc  way  of  obtaining  the  dis- 
tance of  the  snn,  yet  the  great  advances  made  during  llie 
{>n:»cnt  generation  in  the  art  of  ubeorviitg,  and  tlio  apjilica- 
tion  of  Buiontitlc  methods,  have  led  to  other  means  of  greater 
accuracy  (hun  lliese  old  ohBervntions.  It  in  remarkuldc  that 
while  nearly  every  class  of  observations  is  now  made  with 
a  prbcisiuti  which  tbc  ai«troiio>n«r8  of  a  century  agu  never 
thought  ]>OHaible,  yet  tliia  particular  obtiervation  of  the  interior 
ooutact  of  a  planet  with  tbc  limb  of  the  sun  has  never  been 
made  with  any  thing  like  the  aecnraoy  which  Ilnllcy  himself 
tlioiight  he  attained  in  his  observation  of  the  tmnait  of  Her- 
uiiry  two  centuries  ago. 
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The  knoirledge  of  t1ii»  on-ur  in  the  fiindamciitnl  ft6lroiioTn- 
imX  unit  gave  increased  intcreat  to  the  traiuit  of  VeniiA  wliiuh 
Itos  to  occur  oil  I>eceit)t}ci-  Stb,  1874.  The  raritjr  of  Uio  plio- 
nomction  vita  nn  advaniA!^',  in  that  it  led  to  an  uinoitiit  of 
public  int«reet  being  taken  in  it  whidi  uoiild  not  have  been 
excited  bj  any  other  afitronomical  event,  and  thus  Bcciiivd 
from  rarioiis  governments  tlto  grantH  no(!C«arj-  to  lit  <>nt  ilio 
necesBary  parties  of  oti^crration.  I'lans  of  oleen.'atioti  began 
to  Iw  worked  out  vt-rv  faK  in  advance.  In  1857,  Professor 
A'\xy  ttkc'lelind  a  ^neml  pltin  of  o)ionitiun<«  for  llit;  i.ibi«t'rviiiiun 
of  the  traneiu,  and  indicated  tlic  regions  of  the  globe  in  wliiuh 
he  eonsiden>-l  the  obttervatioti*  tlionid  bo  made.  In  1870,  be- 
fore iinv.'ilcps  whatever  were  taken  in  this  conntry,  ho  had  ad- 
vaneed  so  far  in  his  preparations  as  to  have  his  oliscrving  hnta 
all  ready,  and  his  inBtruincnIs  in  pi-oecM  of  (.-onMnietiun.  In 
1809,  the  Prusatan  Government  appointed  a  commission,  coii- 
Bwting  of  six  or  eight  of  its  most  oininont  astronomore,  to  de- 
vise a  plan  of  operations,  and  report  it  to  the  Government 
with  an  estimate  of  the  cxpenfies.  .\bout  the  name  time  the 
Baaeian  Government  began  making  extcnHivc  preparations 
for  obecrviiig  llic  truii»it  from  a  great  number  of  gtatione  in 
Siberia. 

Active  preparations  for  tlie  ol^ervations  in  question  wei-o 
commcnci-d  by  the  United  States  Gotenimont  in  1871.  An 
account  of  the  metliod  of  obAcrvation  adopted  by  tJic  Com- 
mis-sioii  to  whom  the  matter  was  intrnstcd  may  not  be  devoid 
of  interest.  Tlie  observations  of  the  older  ti-ansits  liaving 
bilod  in  giving  rcMiltfl  of  the  nccnmey  now  rctiuired,  it  bo- 
came  necessary  to  improve  npon  the  »vstcm  then  adopted. 
In  tliis  system,  tlie  parallax  depended  entirely  on  observations 
of  contacts,  the  unrcrtninty  of  which  we  liavc  already  shown. 
Besidea  this  uncertainty,  IIalley*s  method  wns  o)>en  to  the  ob- 
jection that,  nidces  both  contacts  wcro  observed  at  each  star 
tion,  tlic  t»at(i  of  Venn*  eonld  not  \k  determined,  and  no  re- 
Eult  coald  be  dednoed.  It  wns  therefore  propoeed  by  De 
I'lsle  early  in  tlio  last  century,  that  the  observers  shonld  de- 
lennine  the  longitudes  of  their  stations,  in  order  that,  by 
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means  of  it,  tbey  could  find  the  actual  intervals  between  tb« 
momciitd  at  vrliidi  any  given  contiict  was  seen  at  the  different 
ctations.  Thi»  method  waa  an  iiiipro\enicnt  on  Hallej'ft,  in 
ihat  it  dimitii&hed  iho  chances  of  total  faihitv.  Still,  it  dc 
pcndcd  t'litii-cly  U()un  nmlcnii^  an  acciimte  observation  of  llie 
tnonieiil  of  contact,  and  waf>  liable  to  fail  fiom  an)'  accident 
which  might  intci'fcro  with  sncli  an  uhsorvalion  —  a  [lafising 
clond,  or  n  diftin-rnriirenient  of  mmo  of  the  inHtninients  of  ob- 
servation. ItcsidcB,  it  wae  not  yot  certain  whether  the  obser- 
vations could  bo  ninde  with  the  iiecefi»try  nccni-acv.  It  ww, 
thci'cfoiv,  dcBimlile  that,  inelead  of  doficndinj;  on  eontacto 
alone,  eonio  molhod  should  bo  adopted  of  finding  tlio  |t06ilioD 
of  Venus  on  the  facu  of  tlie  snn  m  often  A8  ]>oMiblu  during 
the  four  lionra  wlui-li  &he  should  ocx:n]>v  tn  passing.  The 
easiest  and  most  effective  way  of  doing  this  seemed  to  bo  to 
take  |jhoto;;rait)i«  of  tho  eun  with  V'uiuis  on  liIs  diiik,  which 
))!iotii<{i-a]>lie  could  be  bronglit  home,  uoin|>arcd,  iind  measured 
at  leittnrc 

This  mode  of  astronomical  nieosni'ument  lias  been  bivnglit 
to  f;;i-cnt  i>crfe<-tion  in  this  country  by  Mr.  L.  M.  Rnthcrfurd 
mid  0 the i^,  and  has  been  found  to  give  result))  exceeding  in 
accuracy  any  yet  attained  by  ordinary  eye  observations.  The 
advnnlugCH  of  tho  photogmphic  method  am  eo  obvious  that 
rJiere  roiild  be  no  hesitation  about  employing  it^  and,  so  far 
tis  is  known,  it  was  applied  by  every  European  nation  wliicli 
sent  ont  parties  of  obitervatiiiii.  Itnt  tlioro  is  a  great  and 
c«eenti»l  diiTeri?ncc  betwet-n  the  niotliod«  nf  photogntphing 
adopted  by  tho  v\nicrioans  and  by  most  of  the  EHropcans. 
The  hitter  M'cm  to  have  devoted  all  iliulr  attention  to  the 
problem  of  eecnring  a  good  sharp  photograph,  inking  it  for 
granted  tliat  when  this  photograph  was  measured  there  would 
bo  no  fni-tlier  difhculty.  Hut  the  mein^nrcmunt  at  home  is 
neceeearily  made  in  inches  and  friu-tton>i,  while  tho  dtiianca 
we  must  know  is  to  bo  found  iu  minutes  and  seconds  of  mi* 
giilar  mea«ure.  If  wc  have  u  map  by  measui-cments  on  which 
we  desire  to  know  the  exact  distance  of  two  places,  ^rc  niiwt 
first  know  the  exact  scale  on  which  tho  map  is  laid  dowii, 
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with  ft  degree  of  sccnr&<.-y  corrcepondiiig  to  that  of  our  meas- 
ores.  Jiist  fo  virli  our  ]i)i(itogmjit>ft  tiiki-ii  iit  viirions  parts  of 
tho  giolw.  Wo  iiinst  know  tlte  scale  on  wliicli  the  Jiimp;i!»  are 
pli(>I»gm]jli«(l  livfwru  wi-  t-aii  derive  any  cutiL-liitions  from  our 
iTieusuns.  Wliile  llie  dcteriiiiiintioii  of  llits  Mjiile  witb  eiifli* 
cwM  precision  for  ordiimrjf  purposes  is  quite  eoajr,  this  is  hj 
ao  mcaiiB  tlie  cam;  witli  a  probloin  \vltci\i  so  tui>c-)i  accMiiacty 
-was  required,  »o  tliat  liere  luy  tlie  greatest  didlenlty  vrliiuii  tlio 
plMitugrapliic  metliod  offered. 

Ill  the  mode  of  p)ioto»nipIiiiig  adopted  by  tlio  Ainoricniis 
this  difiiciilty  was  met  by  iwing  n  tclesiMpo  of  great  U-ri;;ih 
— nearly  forty  feet.  So  long  a  Iclc6i;oi>e  would  be  loo  un- 
wieldy to  point  nt  t]w  «tni:  it  \vi»  tlici-ofore  fixed  in  e.  Iior- 
iuiiiiul  posilion,  tlie  rnys  of  tho  tian  being  lln-owii  into  it  by  n 
inirrur.  Tlic  SL-ak*  of  tlie  pielnru  was  determined  by  actimlly 
measnnng  tlie  dislimcc  liclween  tho  object  ;;lii»*  and  (lie  plio- 
tognplt-plsle.  Each  station  nns  supplied  with  special  nppa- 
miiw  by  wliieli  tins  iiieaxiiremcnt  eonid  bo  made  within  tlio 
handredlh  of  an  ineli.  Then,  knowing  the  ]Xi«iilion  of  the  op- 
tieal  ceiiiro  of  the  glass,  it  is  eat^y  to  calculate  exactly  how 
many  inclics  any  given  angle  will  snbten<l  on  the  photograph- 
plate.  The  following  brief  de»eri|4ion  of  tlie  apparatiia  will 
be  readily  understood  by  reference  to  the  lignres: 

The  objcot-glaM  and  the  snpport  for  tho  mii-roi-  ai-e  innnnt- 
ed  on  an  iron  pier  extending  four  feet  into  the  grimnd,  and 
firmly  embedded  in  concrete.  The  miri'or  i*  in  a  frame  at 
the  end  of  an  inolined  cast-iron  axisi,  whieli  is  tnined  with  a 
irery  slow  motion  by  a  simple  and  ingcnions  piece  of  clock- 
work. Tlie  inclination  of  the  axi«  and  the  rate  of  motion  are 
to  adjusted  that,  notwiih^tinnding  the  diiiiiial  motion  of  the 
•nn  —  or,  to  speak  more  acciiralelT,  of  the  earth —tlie  sun's 
mya  will  alwaj's  be  rotlected  in  the  same  direction.  This  re- 
salt  is  not  attained  willi  entire  exactness,  but  it  i.^  so  near  that 
it  will  only  t>e  necessary  for  an  a&sialant  to  touch  ihc  screws 
of  the  mirror  at  intervaU  of  IJFtcen  ur  twenty  minntes  during 
the  crilicsl  liont^  of  the  liaiiMt.  The  i-ollector  is  simply  « 
piece  of  finely  polislicd  glass,  without  any  silvering  whatever. 
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It  only  relIci--U  about  a  tweiitictli  nf  tlie  eun*B  light :  but  so  m 
tensu  uru  )ii&  myn  tlint  a  j>liaLuj;i'uj>li  imii  l>c  taken  in  1i%b  than 
the  tt-utli  of  a  Mcond.  The  {KilisJiing  of  tliis  mirror  was  Uio 
most  delicate  and  dilScult  opcmliuii  in  the  (;uiiatrucl)Oii  of 
the  Biiparatuii,  uit  tli«  aligiilcit  dwiutiun  from  ]>ui'fi.-cl  thiluues 
would  be  fftlal.  Foi'  iustaiive,  if  a  6li-ajglit  edge  Inid  ujwti  tbe 
glads  shonld  touch  at  tho  edj^Mi,  but  bo  thu  hundrud-tliou- 
KAndtli  uf  an  inch  ubuvu  it  at  the  uoiiti-e,  the  ix:11ui:li>r  would 
he  useleaii.  It  might  have  soemed  hojHilceB  to  seek  for  MtvU  a 
degree  of  accuracj,  had  it  not  lieun  fur  tho  coiitidonco  of  tlie 
ConiinisMiun  in  tho  uiucliMitiuil  Ji^iiius  of  Alvaii  Clurk  <k  i5uiis, 
to  whom  tiiC  manufaelure  of  tho  apparatus  wa6  iiitrit»tvd. 
Tho  intri-oi-g  wore  tested  by  ohsurving  ohjcctx  thtuiigh  u  tole- 
ecope,  tiiitt  diruolly,  and  tlieu  by  reHcetion  from  tho  mirror. 
If  tliey  were  seen  with  eiioallv  good  definition  in  the  tiro 
cii«e»,  it  would  show  that  there  wuro  no  irrcgnlaritice  in  the 
lurtitoo  of  the  mirror;  wliile  if  it  were  cither  coiieavc  or  eoii- 
vex,  tJie  fociia  of  tlie  telescope  would  seem  diortoiivO  Of 
Iviigtliciicd.    The  first  tost  uks  Miatainc-d  perfectly,  wiiile  tlie 
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if  convexity  or  concavity  iadicated  by  the  cliati,£^i>  of 
:  tbo  jiliotograpliic  toluMopc  were  mutiy  uiilea  in  Ui- 
Hinctcr. 

Iiiiinedintely  in  front  of  tho  mirror  is  tlie  objvct-gla)<£.  The 
earvee  of  the  lenses  of  wtiicb  it  is  funiictl  sro  su  armnj^cii  tliiit 
It  is  nut  purffdly  ndironintic  for  tlic  vi«UHl  rny^,  but  give&  tlic 
heU  pliuIo<;m[>liic  image.  Tliirty-eiglit  feet  and  a  fniction 
from  the  giasa  i§  tlie  focits,  when  an  imngu  of  tliu  sun  itboiit 
four  aiHl  a  (juaitcr  ii)cliii>  in  diauiolur  is  fonnixl.  Here  an- 
otlicriron  pier  i»  tinnly  ctuboddfid  iii  tlie  groniid  for  the  au)>- 
poTi  of  Uic  photoj^rajiliic  plate  -  holder.  This  oomu^ts  of  a 
bnas  frame  eevcii  itichee  square  on  tlio  iueidu,  revolving  uii  a 
fertica]  rod,  wliiuh  pasMM  thruugh  tho  iron  plate  on  lo;>  of  tho 
per.  Into  tliis  fminu  ii  cemented  m  aqnare  of  plate-glaas,  j itst 
as  a  p*ne  of  icisss  is  pnttied  in  a  window.  Tlie  glass  is  divided 
iiitu  small  »itiarcs  by  very  fine  lines  about  uiic-lJve-liiindivdth 
of  an  inch  thick,  whiuli  were  etclied  by  a  procewi  in%'eiitcd  uiid 
perfected  by  Mr.  W.  A.  Ilogers,  of  the  Canibritlgo  Oltservacory. 
Tho  amwitiTc  jilatc  goce  into  tho  other  side  of  tliu  frame,  and 
when  in  petition  for  laking  the  photograph,  tlicre  i*  a  »|>acti 
of  about  one^ightli  of  an  incli  between  the  ruled  line?  and 
the  platei  The  former  arc.  thoi-efore,  photogiaphed  on  every 
pictttrv  of  the  sun  which  is  taken,  and  servo  tu  detect  any 
uoniractioi)  of  llic  collodion  lilni  on  the  glaits  plate. 

Tlie  rod  on  which  the  plate-holder  tnrns,and  the  frame  it- 
■If,  are  perforated  from  top  to  bottom  by  a  vertical  opening 
Ono-«ixth  of  an  inch  in  diameter.  Tlirough  tho  oentro  of  thi* 
opening,  )nG«iDg  between  tlie  ruled  plate  and  tlie  photograph 
plate,  hangs  a  plnrab-line  of  very  fine  silver  wire.  In  every 
picture  of  lli«  ttnn  tlii«  pliimMino  is  also  pliotographeil,  and 
tliiH  markfl  a  tnily  vertical  line  on  the  jilale  wry  near  tho  mid- 
dle veilic^l  etched  line.  A  epirit-Icvel  is  lixed  to  the  top  of 
tlic  frame,  and  sorvoa  to  detect  any  clumgos  in  llio  inclinatiou 
of  tlte  ruled  line$  to  the  horizon. 

One  of  the  most  eiisentia)  fentni<es  of  the  arrangonient  ia 
llat  iJic  photographic  ubjcct-glass  and  plalc-huldvr  are  on  the 
Mine  level,  and  in  the  meridian  of  tlie  rmn»il  inMnimcnt  n'ilh 
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which  the  time  ie  dutcrnittietl.  The  central  rnled  line  im  tho 
plato-holder  i»  \\\\\»  iimkI  as  n  moridinri  mark  for  the  Irniuir. 
The  ^KiA  ndvitiita^t!  of  thi«  nrmngciitviit  k,  (Imt  it  [WrinJis 
tint  nuj^le  which  the  line  joining  the  centres  of  llie  em:  and 
VcnnB  iiinW^  wiih  tlie  meridian  to  he  determined  with  the 
grcMte«t  pi-eoisioti  t>v  means  of  the  ima^  of  tho  plumb-lino 
whicit  is  photogrH|>hcd  ncruss  the  picture  of  llx^  »ini. 

If  tiii»  iiiclhtHl  of  pliot(igniphiti!j  were  npplicalde  onjv  to 
tnnsits  of  Veiiii^,  it  would  now  luive  littlu  ihienst  for  the 
general  reader,  hci-niiM)  biicIi  a  Imnsit  will  imi  iiiriiiii  uvvtir 
until  tho  vear  £U04 ;  hnt  tho  iitstriimeiit  can  he  apgdicd  in 
any  cnae  where  a.  pliotogTap)i  of  the  sun  \%  roqiiiivd.  It  can- 
not he  readily  applied  ti>  the  nioim  or  »laiii.  hcvaneo  a  longer 
0}t|iof)iire  16  then  necosfiary,  and  lhei«  would  l>e  »  rolntion  of 
ihe  imR;;;o  around  the  centre  of  tho  plato  whicti  would  inter- 
fern  wiih  its  accuracy.  The  instrurncnt  will  no  donbt  i>e  of 
iiec  hi  acunrately  phologi-nphing  cc1i|>!teii  of  lliu  ^nn. 

The  work  of  reducing  the  observations  of  a  ti-nnitjt  of  Vimus, 
with  all  the  piTctmioti  reinii-od  hy  modern  astronomy,  is  one 
involving  an  immense  mssa  of  calcntationH  iind  ninvh  tedioiu 
[iivai>tigation.  Before  the  final  result  u»n  lie  airaincd,  it  ie 
necessary  that  all  the  ohscrvations  nmde  under  the  ans[HCCK  of 
the  Kuvoral  frovernmeniii  which  tuok  part  in  the  work  shall  be 
reduced  and  pnblished,  and,  after  ihiA  is  done,  llint  «omo  oiw 
shall  combine  them  all.  so  as  to  obtain  the  moat  probable  rv- 
Bi;lr.  Partial  rc«iilis,  founded  upon  a  jmrtion  of  the  observa- 
tions, may,  indeed,  he  deduced  wittiont  waitiuf;  for  all  tlie 
inalcrinl ;  but  tho  majority  of  tijc  leading  aBlronomeiit  con- 
i;eivo  that  tliesc  results  will  not  linvc  any  scientitic  inlen>»i; 
and  at  a  nioetin^  of  tho  International  Astronomical  Society 
(the  Attrononiigche  OeseUschaJT),  held  at  Ijeyden,  it  was  voted 
tlint  their  publication  should  he  diHoouragod  us  injurions  to 
science.  This  view  has  not,  however,  been  univcreally  ac- 
cepted, and  thi'ee  values  of  the  solar  parallax  from  llie  obeor- 
vations  of  the  transit  of  1874  have  alrL'ndy  appeured,  one  from 
the  French  and  two  from  the  English  oliwrvations.  The 
French  ohservations  hero  referred  to  wore  tliora  made  nt  two 
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stattona,  Peking  and  St.  Paul's  Island.  They  wore  valciilntcd 
!n  1S75  hy  M.  Piiiseiix,s  member  of  llie  French  Acaderoy  of 
8c-icnoc«.  and  Icl  to  $".S8  as  tlio  valnc  of  tlio  eular  parallax. 

The  Britisli  ob«ervncions  of  contacts  were  worked  up  iiiidt>r 
iJio  dirwrtion  of  Sir  George  Airy,  in  1877,  and  were  found  to 
lead  to  a  Hurpt-isingly  Email  result,  6". 76.  Dut  Ur.  E.  J.  Stoiio 
took  tlKi  very  same  (rbM>r%-atiuRR,  and,  by  ti-Mting  and  inter- 
prding  tlieni  in  a  different  way,  obtaine<l  the  reenlt  8".S$. 
Captain  U.  L,  Tnpinan,  who  bad  siiperiiil(-ii<)vd  the  rcdnction 
of  the  ol>fervation»,  wan  Itxl  by  this  diH<:ordniic-o  to  make  a  thiix] 
combination.  lie  found  if".857  from  the  obecrvationB  of  in- 
grew,  and  6". 792  from  thoeo  of  egress.  The  most  probable 
final  reenlt  was  S".81d.  Thai  rosnlla  to  different  could  be 
obtainod  from  the  same  obaenationft  mast  cast  doubt  npon 
tbeir  value,  and  raieu  quegtions  which  can  be  decided  only  by 
the  combiimtioii  of  the  IJritish  obwrvalious  with  thoic  made 
by  otlicr  leading  gnvernmenta. 

Tins  obwrvations  of  the  transit  of  1882  were,  in  general, 
miK-h  iicttcr  than  tliuH;  of  the  precoding  ono.  Ono  reason  for 
tliia  was  tliat  tlio  experience  of  the  first  transit  was  nv-atlable 
in  the  olMervationii  of  the  second,  to  that  obnervers  knew  better 
what  tlioy  were  to  look  for.  Another  reason  was  that  the 
weather  wu  ntoro  favorable  at  all  tlio  important  ^tatloiiii.  In 
1874  work  at  every  one  of  the  eight  Aniorican  atationa  was 
interfered  with  more  or  IcNt  by  clouds,  and  the  almo&pheric 
conditions  wera  especially  bad  for  photographing.  In  18$3 
the  wentlior  was  cvorvlhini'  that  could  bo  desired  at  the  sev- 
era!  stations,  and  the  ober>i-vations  were  not  entirely  lost  in  any 
case.  Tho  final  ontcome  is  that,  while  only  somo  two  himdred 
photographs  of  the  transit  of  1874  admitted  of  measnrcmcntt 
more  than  a  thousand  mcastirabic  photographs  were  obtained 
in  1882. 

Kotwitlutanding  tlio  successful  observations  of  the  lost  tran- 
sit, it  will  pmbably  be  found  llmt  the  nncertainty  of  the  results 
is  still  considerable,  and  that  this  method  is  not  the  moat  ao- 
corate  one  for  obtaining  the  solar  parallax.  We  have  already 
deseribed  an  nnc«Hainty  in  the  observations  of  the  older  tran- 
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siUarieing  from  tlic  so-called  Mack  dnni.  In  tlio  rcconi  oiin 
il  wta  fouiid  tliat  tluB  dUturbiiig  canse  could  be  avoided  by 
careful  attoiitton  to  tlio  quality  of  tiic  iiiia^  formed  in  ttie 
lclc«cu]Xf,  ntid  by  ubooiing  Millions  n-licro  tbo  eiin  would  not 
too  near  the  horizon.  But  oven  when  every  posfcible  prccimtion 
was  taken,  and  wlien  all  tlio  conditions  wore  tnoet  favorable,  it 
wua  not  found  pottsiblo  to  make  olwcrvation»  in  different  pam 
of  tlie  world  which  &}iou1d  perfectly  oorrfspoud  to  encb  other. 
Wlioro  tho  atuiosphLiro  was  very  clear,  tlie  illuminated  timb  of 
Venus  off  tlie  gun's  di#k  wnA  seen  before  fiivl  iutern&l  contac 
and  sometiities  produced  doubt  in  tho  niiiid  of  the  oljwrxx-r  aff^ 
to  tbo  cxftct  tiuio.  The  nttcntiou  of  aelrononiors  has  therefore 
been  called  to  other  methods  of  detorinintiig  the  sun's  distance, 
eoino  of  which  are  believed  to  be  mora  accurate  than  trnnutit 
of  Vcuns. 

I  4.  Ol/ter  Methods  of  tleUrmining  the  Sun's  Distance,  and  tfKtr 

Sfvdtt. 

The  methods  of  determining  tlie  utronomical  unit  whit 
wo  have  dciscribed  rest  entirely  upon  measures  of  pHrallAX,ai{ 
angle  which  hardly  ever  exceeds  SO",  and  which  it  is  tliere- 
foro  exceedingly  difficult  to  measure  with  the  necessary  ac- 
curacy. If  thei-e  were  tio  otlier  way  tliutt  this  of  dotemtiniDg 
tlie  fun's  difitance,  wo  might  despair  of  being  sure  of  it  witli* 
in  200,000  miles.  But  the  rctincd  iuvcstigations  of  modem 
eciencu  have  brought  to  li<;lit  otiicr  metliods,  by  at  least  two 
of  whicli  we  may  hope,  ultimately,  to  attain  a  greater  degree 
of  accuracy  tlian  wo  cau  by  measuring  parallaxes.  Of  tliese 
two,  Olio  depends  on  the  gravitating  force  of  tlio  aun  upon  the 
moon,  and  tbo  other  ujiou  tho  velocity  of  light. 

I\uitlUiHic  Equation  of  tin-  M'xin. — The  motion  of  tlio  moon 
nroun<l  the  earth  is  largely  affected  hy  the  gravitating  force 
of  llio  sun,  or,to  epoak  more  exactly,  by  tho  diffuronco  of  tho 
gravitating  force  of  tho  sun  upon  the  moon  and  upon  the 
eai-lh.  A  part  of  this  difference  depends  upon  tlie  pi-o)>oi-tion 
between  the  rospociivo  distances  of  the  moou  and  the  tun,  so 
tliut  wlicu  tliia  foi've  is  kuowii,  tlie  pntportion  can  be  deter- 
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mioed.  Tlio  (It^Unoc  of  (he  moon  being  known  with  nil  nec- 
enuy  |>rcd&ioii,  we  have  only  to  multiply  it  by  the  pruportiun 
thus  obtained  to  got  the  distance  of  tlio  euii.  The  toriM  in 
qii«istiun  *Iiiiw»  itself  by  producing  n  certain  inequality  in  the 
moon's  niotiixi,  l>y  which  she  falls  two  ininutea  behind  hur 
mean  place  near  tlio  6nt  quarter,  and  is  two  minuter  ahead 
nearlicT  ln»t <]iiarlcr.  Iiid«leniiiiiiiig  this  inequality,  we  have 
to  niesanre  an  angle  ulrant  eix  tiniea  as  frreat  as  the  average 
of  tlie  plunciary  parallaxes  on  whidi  the  enn's  distance  do- 
pciid«;  to  lhnl,if  we  eonld  niraauiv  both  nnglcfi  with  llie  Mtuke 
precision,  tlio  error,  by  using  the  moon,  would  be  only  one* 
eixtti  as  groat  as  in  direct  measures  of  parallax.  But  it  scents 
as  if  nnliire  hnii  determined  to  allow  inmikiud  no  royal  mad 
to  a  knowledge  of  the  sun's  di^tuuee.  It  is  the  position  of 
the  ranon's  eotiti-o  which  we  require  for  the  purpose  in  ques- 
tion, and  thix  can  nc\er  be  directly  fixed.  Wc  have  to  niako 
onr  observations  on  tlie  limb  or  edge  of  the  moon,  as  ilhi- 
mioatcd  by  the  sun, and  must  reduce  onr  observations  to  the 
tooon's  ccntiv,  before  we  uuti  u^-  ihcrii.  The  woiet  of  itio 
matter  U,  that  one  limb  is  observed  at  the  tirat  qiinrter^  and 
ttiotlicr  at  the  third  quarter,  so  that  wo  eannot  tell  with  abeo- 
Jnlc  ccrtuirity  how  much  of  llio  observed  inequality  is  real, 
and  how  much  in  dne  to  the  change  from  one  limb  to  tl>e  other. 
So  groat  is  the  nncertainty  here  that,  pi-evions  to  18S4,it  was 
Gtippoflcd  that  the  inequality  in  qncstion  was  nbout  122", 
,  .freeing  with  the  theoretical  ineqimlily  from  Kncke'«  crrone- 
18  value  of  the  solar  parallax.  ITansen  tlien  found  that  ic 
■was  really  about  4"  greater,  and  thus  was  led  to  the  conchision 
that  the  |»imllax  of  the  sun  niii«t  be  increased, and  his  distance 
diminished,  by  one-thirtieth  of  the  whole  amount. 

It  is  quite  likely  that  by  adopting  improved  modes  of  ob- 
servation, it  will  bo  found  tlint  the  sun's  distance  can  bo  more 
accurately  measured  in  tliis  way  than  tlirough  the  parallaxes 
of  the  planets.  Some  pains  have  already  been  taken  to  deter 
mine  tJic  exact  amount  of  tlic  inequality  from  obitcrvatiotis, 
tlte  resnlt  being  I2&".b.  The  entire  seconds  may  here  be  re- 
lied on,  but  tlie  decimal  is  quite  uncertain.     Wo  can  only  eay 
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thftt  we  are  pretty  Btireljr  vriibin  tbree  or  four  teiitlts  of  s  ceo 
odU  of  the  truth.  Frvm  tliis  v«liie  tiie  pAnllsx  of  the  ftuti  ii 
fonni)  to  be  S".83,  with  an  nncertaintr  of  two  or  three  hun- 
dredths of  a  ecoond. 

Utin's  Dutanix  from  At  Vrbdtg  q^  Z*;t(.  ^  Tliere  is  an  ex- 
traordinary beantjr  in  this  niethod  of  meaearing  the  snn's  dis- 
tance, arisitig  from  the  coutraet  l>ctwl:^cn  thv  eiinpHcttj  of  lbs 
princijilc  and  the  pixifoundiieea  of  the  mcttiods  Itv  which  alone 
tlie  principle  can  be  applied.  Suppose  we  had  a  meeeeager 
whom  wo  could  eoud  to  and  fro  between  the  Min  and  llie 
Mirth,  and  wlio  could  tell,  on  his  return,  exactly  how  long  it 
took  him  to  perform  his  jonrney;  euppoee, also,  wo  knew  iJie 
exact  mte  of  ^pccd  at  whidi  ho  ti-aToiled.  Tlieu,  if  wc  imiL 
tiply  hilt  »]>c«d  hy  the  time  it  took  him  to  go  to  the  sun,  we 
shnll  at  once  have  the  sun's  distance,  ju»t  as  wo  could  dvt«>- 
mine  the  di»t»n<-e  of  two  ciliM  when  wc  ki»ew  tliat  a  tiaiit 
running  thirty  niili:^  an  hour  required  te^en  hours  lo  p«8«  be- 
tween them.  Sndi  a  messenger  is  ligtit.  It  haa  been  found 
pmi-ticable  to  determine,  oxpcriinenlatly.ationi  liow  fust  ligllt 
trarolfi,  and  to  And  from  astronomical  phenomena  liow  long 
it  Hikes  to  oume  from  the  sun  to  the  earth.  IIow  these  de- 
terminations am  made  will  be  shown  in  the  t>cxt  chapter; 
hero  wo  eliall  stop  only  to  give  results. 

In  1863  Foiicault  found  by  exjieriment  tliat  light  travelled 
about  2D8.0O0  kilonieti-e*,  or  185,200  milt*  jwr  *ca>nd. 

In  1874  Coniu  found  by  a  different  series  of  experiinenta 
a  velocity  of  800,400  kilometres  per  EC<cond. 

In  1879  Eneiir^n  A.  A.  lUlivhelson,  IT.  S.  Navy,  found  tlio  ve- 
locity to  he  20D,940  kilometres  per  second. 

This  re»nU  of  Miclielson's  is  far  n>oro  n-linble  than  either 
of  the  preeedinw  ones.  Combining  them  all.  Professor  D.  P. 
Todd,  in  l$!iO,  concluded  tlie  most  probable  value  of  the  v^ 
locity  to  be  299,930  kiloinclivs,  or  180,360  miles  per  second. 
Now,  we  know  fi-om  the  phenotneiiA  of  abcrnition,  licrenfter 
to  bo  described,  that  light  passes  from  the  sun  to  the  earth  in 
about  498  seconds.  Tho  product  of  these  two  numbers  gives 
the  distance  of  the  snn  in  miles.    Making  all  nccocury  oor- 
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riflions,  and  nsing:  Stnivc'e  conElaiit  of  aherration,  tiio  siiii's 
|»ntllax  was  found  by  Mr.  Todd  to  be  8".811. 

Theee  two  incttiods  of  dotonuining  tb«  dietaucc  of  the  ann 
may  fairly  be  regarded  as  eqiinl  in  avciiiacy  to  tliat  br  tniu- 
Bits  of  VeaiiA  when  they  ate  ciuployed  in  (lie  liest  tnamicr. 
There  arc  also  two  or  tliroo  minor  methods  which,  though 
lew  accurate,  are  worthy  of  mention.  One  of  tlie  inoi't  in- 
genious of  these  was  firet  applied  by  Leverrier.  It  is  known 
from  the  tlicory  of  gravitation  that  tlie  onrtli,  in  coneoqnenee 
of  the  atli-nolion  of  the  moon, dcecribe»  a  small  monthly  orbit 
around  tlic  common  centre  of  gravity  of  these  two  bodied,  cor- 
responding to  the  uiontldy  revolution  of  the  moon  around  the 
eartli,  or,  to  &|>enk  with  more  precision,  nrotind  the  mme  com- 
mon centre  of  gratity.  If  we  know  the  mass  (or  weight)  of 
the  inoou  reluttvoly  to  tliat  of  the  earth,  and  her  distance,  we 
can  thns  cnlcnintc  the  nuliits  of  the  little  orbit  rtiforrcd  to. 
In  ronnd  numbers,  it  ia  300U  milc$.  Tlii»  monthly  oscillation 
(tf  tlie  earth  will  cause  a  corresponding  oscillation  in  the  lon- 
gitnde  of  the  fiin.  and  by  mcnsiirin^  its  np]iiircrnt  amunnt  we 
can  lell  how  far  the  sun  mmt  bo  plai-cd  to  make  this  nnmunt 
correspond  to,  eay  3000  miles.  Lvveri'ier  found  tlie  oscilla- 
tions in  are  to  bo  6".50.  Krotn  this  he  eouuluded  the  solar 
pamltax  to  l»e  8".95.  But  Mr.  Stone,*  of  Greenwich,  found 
two  errois  in  I/^verrier's  conipiitaiion,t  and,  when  these  are 
corrected,  the  re*nlt  in  rednctd  to  8".S5. 

Anotlier  reoiaxlitc  method  has  been  employed  by  Leverrier. 
It  is  founded  on  the  principle  that  when  the  relative  masses 
of  tbo  sun  and  earth  arc  known,  their  distance  can  bu  fonnd 
by  oomiHwing  the  distance  which  n  heavy  body  will  fall  in 
one  second  at  the  surface  of  the  earth  witli  tlie  fall  of  tlie  lat- 
ter towards  the  sun  in  thu  eamc  titne.  The  mass  of  tlic  eartli 
was  fonnd  by  its  dii^tiirbing  action  on  the  planfts  Venus  and 
Mar«,  as  explained  in  tlic  chapter  on  Gravitation.     Leverrier 


*  Mr.  E.  J.  Siunc  xna  ilicii  tlrai  auictniil  nl  iIih  Itoinl  OWnwnrv,  Uiwd- 
wich,  bul  hu  teen  Aiitnnurnf t  Knynl  a(  ihc  ('-ape  uf  Guixl  Oapa  liiiLii  1^*0. 

*  "Monlhlj  Kt>lii;es  uf  iliH  Hcnal  AiUvnMnienl  Soiaily,"  n\.  xxriu,  p,  Ml, 
bikI  rcJ.  xstiii.,  jf.  3S.  S3. 
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concluded  that  thu  method  g&ve  tho  rstue  of  tlio  Eolar  pantl* 
lax  as  S".S&.  But  ouc  of  liU  numlxiK  requires  u  »ninH  corn-u- 
tion,  which  reduces  it  to  S".S3.  Aiiotlter  deteniii nation  of  the 
DISSS  of  the  earth  relative  to  that  of  the  eun  has  recently  been 
made  by  Von  Aston,  of  i'ulkou'a,  frurn  lltu  action  uf  the  curtli 
upon  Enckc's  conieL  The  solar  parallax  thence  resulting  is 
d".OO0,  the  largest  recent  value;  hut  the  anomaUcs  in  the  ap- 
parent mutiouH  of  this  comet  uro  such  that  very  Itttlu  reliance 
can  be  placed  njwn  this  result. 

Yet  another  method  of  determining  tlie  eclar  parallax  has 
been  proposed  and  partially  curried  out  by  Or.  Guile.*  It 
consists  in  nicasurinfr  the  parallax  of  some  of  the  small  plan* 
cts  between  Mars  and  Jupiter  at  tho  times  of  tlicir  nearest 
approach  to  thu  onrth,  by  observations  in  llie  nortlicrn  and 
aoullicrn  hemispheres.  Tlie  least  distance  of  tlio  nearcat  of 
these  bodies  from  ua  is  little  less  than  that  of  tho  sun,  eo  that 
in  this  re^pcc'l  tUoy  aru  far  less  favorable  than  Venus  tud 
Mara.  Itut  they  hare  the  great  advantage  of  being  seen  iu 
tJiQ  talesco}^  only  as  points  of  light,  like  stais,  and,  in  oonse- 
quenoe,  of  having  their  position  relative  to  tho  surrounding 
stars  dotcrniincd  with  greater  precii^ioti  tlmti  can  bo  obtained 
in  the  case  of  disks  like  those  of  Venus  and  Mais.  Ohserni- 
tious  of  Flora  wore  made  in  tliis  way  at  a  number  of  observa- 
tories in  both  hemispheres  during  tho  opposition  of  1S74,  froin 
which  Dr.  Galle  has  deduced  S".S75  as  the  value  of  the  aoUr 
jiarallax. 

Most  Proiable  Value  of  tho  Sun^t  /'rtraWd*.— It  will  be 
seen  that,  althoitgh  many  of  the  preceding  i-esults  are  dis- 
cordant, tho^  which  are  most  reliable  gonorally  fall  botwoCQ 
the  limits  8".76  and  8".85,  Taking  them  all  iuto  considera- 
tion, tliero  can  be  no  reasonable  doubt  that  the  parallax  lies 
between  the  limita  S",7S  and  8".82.  We  may  therefore  say 
tliat  the  most  probable  valuo  of  tlio  sun^e  parallax  is  S".66, 
but  this  result  is  still  subjoct  to  an  nncertaiuty  of  two-hon- 

•  Dr.  J.  G.  Gnlle,  noiv  director  of  lli«  otnetmtory  nt  Breilnii,  Eutem  PniMht. 
He  wru  formctU-  usiiunc  nt  tlia  Oliienninty  o(  llcrliii,  wliere  Iio  iMeaine  Mio- 
titaied  01  ibe  opiicot  dJKOterer  of  ilio  tjliiiiat  Neptune. 
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dredlbfi  of  a  second,  or  we  might  ttiy  an  uncertainty  of  3^ 
of  iie  wliole  amount.  Translated  into  dtfituico,  wo  may  ]>mco 
ihe  distance  of  the  exii  botwcon  thu  limiU  d3.50(>/K'iO  niid 
93,000,000  of  Riilca.  We  nin}-,  tlierefore,  call  tiie  distan<:c  of. 
the  eim  OSj  millions  of  milee,  with  the  uncertainty,  pcriinfis, 
of  nearly  one  qiiarloruf  a  milltuii.  Within  the  next  ten  yi-iin) 
vro  may  ho|>c  to  see  t)ic  result  lixed  with  greater  certainty,  but 
lliit  in  aa  near  aa  we  con  approat-h  it  in  tlie  (ircsent  Etato  of 
astronomy. 

In  many  recent  works  the  distance  in  question  will  he  fonnd 
llat«d  at  91,000,000  and  eome  fraction.  This  ariMi!  from  the 
(.ircHmalauoe  that  into  »uvuntl  of  the  tirst  determinations  by 
tlie  new  method*  small  enx>ra  and  iraperfections  crept,  whieh, 
]by  a  singular  coincidence,  all  tended  to  make  the  parallax  too 
'jtroal,  and  therefore  the  (lUlaiii-c  too  small.  Fur  instance, 
Uanecii'a  original  eompntions  from  the  motion  of  tlio  moon, 
Ird  him  to  a  (karallax  of  6".W.  Tins  i-C8uU  has  been  proNtd 
to  bo  too  lurge  from  various  oanscs. 

Th«  oUcrvattoi)»  of  Mans  in  1S63,  as  reduced  by  Winnocke 

uid  Stone,  Gnl  led  to  a  parallax  of  S''.92  to  8".04.     Bnt  in 

'Uiese  investigations  ouly  a  small  {mrtion  of  the  oh»(/\'atioiu 

was  used.    Wltoti  tlio  great  mass  remaining  was  joined  tvitli 

Ifacm,  tlic  result  was  8"M. 

The  early  determinations  of  the  time  roqnired  for  li<rlit  to 
eome  from  tlio  snn  were  founded  on  the  extremely  uncertain 
observations  of  eclipses  of  Jupiter's  satellites,  aud  were  five  to 
six  seconds  too  small.  Tlio  lime,  493  seconds,  being  uaed  in 
tome  computations  instead  of  498  seconds,  the  distance  of  tiie 
sun  from  the  velocity  of  light  was  made  too  small 

In  hotli  of  I^verrierV  methods  soniu  siuall  errors  of  computa- 
tion have  been  found,  the  effect  of  all  of  which  is  to  moke  his 
parallax  too  great.  CorrectLag  these,  and  making  no  change  tn 
wty  of  his  data,  tlic  results  aro  respectively  S".8^  and  a'.iS. 

%  5.  SkUar  Parallax. 

It  is  probable  that  no  one  thing  tended  more  strongly  to 
im)>reu  the  minda  of  thoughtful  men  in  former  times  with 
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tite  boUof  that  the  c*rth  wu  imiKO^-ablu  than  did  the  ftbaeoc* 
of  Btellar  panDax.  Wo  majr  call  to  tiiiiid  tliat  the  annual  ytx- 
allax  of  the  fixed  atare  amee  from  the  change  in  their  direo- 
tion  jtrodnced  by  tlie  motion  of  the  earth  from  one  side  of 
its  orbit  to  tlto  etlior.  One  of  tlio  curliest  fonns  in  whieli  wo 
may  snppoae  this  parallax  to  tiave  been  looked  for  is  shown 
in  Fig.  56.    Suppose  AB  to  be  tlio  eanli'e  orbit  with  the  bob, 

ft A  T 


Vm.  m.— BOttci  ci  ndlar  panHu. 

S,  near  ita  centre,  and  RT  two  elara  oo  sitiinteA  as  to  be  direct- 
ly opposite  each  other  when  the  earth  is  at  A :  that  is,  when 
the  direction  of  each  star  is  90°  distant  from  tliat  of  the  son. 
Tlten  it  iii  clear  that,  after  six  months,  when  the  earth  is  at  B, 
tlie  stnis  will  no  longer  be  opiKieite  each  other,  the  point  V^ 
which  is  opposite  Ry  making  tlie  angle  TBV,  with  the  direc- 
tion of  T.  The  stars  will  all  ))e  displaced  in  the  same  direc- 
tion that  the  »im  i»  in  from  tlie  eartli.  When  it  wdh  fnniid 
tliat  the  most  careful  observations  slmwod  no  such  displace- 
ment, the  conclufiion  that  the  earth  did  not  move  seemed  in- 
evitable. We  have  eocn  how  Tycho  wiw  led  in  this  way  to 
reject  the  doctrine  of  the  earth's  motion,  and  faror  a  system 
in  which  the  sun  moved  around  it.  In  this  Tycho  waa  fot 
lowed  by  the  ecelcsiafttical  n&tronnmers  who  lived  during  tlte 
seventeenth  century,  and  who,  finding  no  pamllax  wliatevcr  to 
any  of  the  stai-s,  wore  led  to  reject  the  Copeniican  system. 

The  telescope  furnishing  so  powerful  an  anxiliary  in  inea»- 
Tiring  small  angles,  it  was  nataral  tliat  the  defenders  of  the 
Copemican  sj-stom  should  be  anxious  to  employ  it  in  detect' 
ing  tho  annual  parallax  of  tlic  stars.  Itiit  the  earlier  observ- 
ers had  very  imperfect  notions  of  tho  mechanical  appliaooes 
necessary  to  do  this  with  success,  and,  in  consequence,  tlio  to* 
vention  of  the  telescope  did  not  reanit  in  any  immediate  im- 
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prorotnoot  in  tlic  nicthtxlo  of  cblofitiftl  mcaeuromont.  A  ttep 
VMS  titken  in  1600  hy  Ilooke,  of  England,  who  via  «mong  tlio 
6nt  to  see  bow  the  telesujpo  was  to  bo  ai))i)ie(l  iti  tlie  meas- 
nrtniciit  of  tliu  appiiruiit  di^tancus  of  tliu  »turs  from  tlu;  ze- 
nitli.  Uo  fixed  a  telescope  thirty-Mx  feet  long  in  his  )ioiise,in 
a  vertical  position,  tlio  oljjc!Ot-glaf«  being  in  nti  opening  in  the 
roof,  while  tlie  ejo-pieco  vriw  in  ono  of  tho  lower  rooin«.  A 
tin«  plnmb-line  hung  down  front  the  objcvt-glaiw  to  a  point 
below  tbe  ej-e-pioco,  which  gave  a  truly  vertical  line  from 
wliicli  to  motflure.  The  star  eclcctud  fur  obiicrvation  was  y 
Urnconi^^  because  it  was  com]mrativc1y  bright,  and  [itL-wed  over 
iba  senitli  of  London.  His  mode  of  observation  was  to  meas- 
ure the  diManoc  nf  the  image  of  tbe  Ktar  from  the  plumb-lino 
from  day  to  day  at  the  moment  of  its  pa^ng  the  meridian- 
He  had  made  but  four  observations  when  his  objcut-glnas  wat 
aiTidi'iilittly  broken,  and  the  attempt  ended  without  leading 
to  any  result  whatever. 

Between  1*01  and  17(M,  Roemer,  then  of  Copenhagen,  at- 
tem[>tcd  lo  determine  llm  ttmn  of  the  double  parallaxes  of 
Sirins  and  «  L^tib  hy  tlie  principle  sliown  in  Fig.  &8.  Thcxe 
Etars  lie  Bonicwhoro  near  tlie  opposite  (jnarters  of  the  celestial 
Rptiere,Bnd  tlic  angle  bctwoou  thorn  will  vary  from  spring  to 
aotnmn  by  nearly  donblo  the  sum  of  ihi-ir  pnrannxoi<^  The 
angle  was  measnrod  by  the  transit  instniment  and  the  »»tro- 
Domical  cWk,  by  noting  the  time  which  clapecd  between  the 
transit  of  Sirina  over  tlie  tncridian,  and  that  of  u  Lyru*.  This 
time  was  foand  to  be,  on  tbe  average, 

)■■■.  Mlt.    •«. 

In  FeLruiirT.  Mitr«li,  anil  April _,     11     M    59,7 

1b  Sepwmbcr  nnd  Oclobei II     M    &S.4 

DiB«r«nM > i.S 

Here  was  a  diHerencc  of  four  seconds  of  time,  or  a  minute  of 
tnglr,  which  wna  then  very  naturally  attribnicd  to  the  motion 
of  tlie  earth,  and  which  was  afterwards  printed  in  a  disscrta- 
tioD  entitled  "  Coiwrnicus  Triumphans."  It  is  now  known  that 
there  is  no  such  parallax  as  ttiiti  to  either  of  tlieso  stars,  and 
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Petcra*  lias  kIiovtii  that  the  difference  which  tn*  attributed 
to  parallax  by  thu  cntbueiastii;  Daiiusli  attrunoiucrs  really  aroaa^ 
in  great  perl,  from  tlic  diuriiftl  irregularity  ill  the  riilv  of  tlioir 
cluck,  caused  t>y  the  nclioii  of  the  dtiinial  change  of  iciniM^ra- 
ture  u[>on  the  uncoiiipcnsatcil  pciKluliiiiiH.  In  the  spring  the 
interval  of  tiuio  mciwurcd  cln|>^c«'  during  tJie  tiigtit,  Sirius 
passing  the  meridian  in  t!>e  evening,  and  a  hyrx  in  the  moni' 
ing.  Tlie  cold  of  night  made  ihu  i^lueke  go  too  faet,  and  so 
the  measured  inton^  cauic  out  too  p-cat.  Iti  the  autumn 
Sirius  paued  in  the  raorning,  and  u  Lyiu'  in  the  evening ;  the 
clock  was  going  too  slow  on  accuunt  of  tliu  heat  of  tlic  day, 
aud  tliu  interval  cumu  out  too  ^niall. 

Amonj^  the  numeroiie  otlier  vain  cfTorIa  made  by  tlie  a^^tron- 
omere  of  tlio  laat  century  to  detect  the  Etcllar  parallax,  that  of 
Bradley  'n  worthy  of  note,  owing  to  the  rennirkiiblc  discovery 
of  the  abcrmtioii  of  light  to  which  it  led.  The  princijite  of 
his  instrnnicnt  was  the  eaniG  as  that  of  Uookc,  the  zenith  dis- 
tance of  the  titar  7  Dracunis  at  the  inoiiiont  of  its  poseing  the 
meridian  being  determined  by  the  inclination  of  a  tclc«co|>o  to 
a  fine  [ilumb-lino.  The  inetrninent  thne  naed,  whioh  hoa  be* 
oomo  eo  eelvhratvd  in  the  history  of  astronomy,  has  since  been 
known  ax  Hradley'd  zenilh  nectur.  In  nccui-acy  it  was  a  lung 
atep  in  advance  of  any  which  preceded  it, so  that  by  ita  int-ana 
Bradley  was  able  to  announce  with  certainty  that  the  star  in 
qnoetion  had  no  parallax  approaolitiig  a  oinglc  «ueund.  But 
he  found  another  annnal  oecillation  of  a  ^ery  remarkable 
character,  arising  from  tlie  progressive  motion  of  tight,  which 
will  be  described  in  the  next  chapter.  It  has  fiequvnily  liap 
pvncd  in  tlie  history  of  science  that  an  investigation  of  Mtnc 
cause  has  led  to  discoveries  in  a  different  direction  of  an  en- 
tirely unexpected  character. 

It  would  be  tedious  to  deLScribe  in  detail  all  the  efforts 
made  by  aetruuouicrs,  during  tlio  lost  century  and  the  early 
part  of  the  present  one,  to  detect  the  stellar  parallax.    It  will 


*  C.  A.  p.  I^ttn,  then  of  tbo  Pnlkown  ObNrvaurjr,  ihe  law  editor  of  iho  A»- 


aXMttAa  PABJtlAX. 


I 


be  sufficient  to  My,  in  ■  general  way,  tint  tliojr  depended  on 
abeoluto  meafinres;  tlint  is,  the  oAtranonicr  eiidcnvorcd,  gon- 
enlly  by  a  divided  circle,  to  d(>tenniDe  from  day  to  day  the 
zenith  di&laiioo  nt  vrhidi  tho  star  pasted  the  meridian.  The 
poeitiun  of  t]ie  zenith  was  determined  in  varioitit  vrnytt — tume- 
times  by  a  tine  plumb-line,  eoinetimce  by  the  level  of  qiiick- 
silrer.  WImt  i«  re<]nired  is  tho  angle  between  the  plumb-line 
wul  the  line  of  sight  from  the  observer  to  the  tlar.  The  Kame 
ntnlt  can  be  obtained  by  obeervinj;  tlio  angle  between  a  ray 
coming  directly  from  a  »tar  and  the  rny  whieli,  eoining  from 
ibe  star, strikes  the  eiirfnce  of  a  baein  of  (inickMlver,and  i»  rc- 
floded  npwards.  Wliatever  method  is  used,  a  lar^  angle  has 
to  bo  measured,  an  operation  which  is  always  affected  by  im- 
oertainty,  owing  to  the  influenoea  of  \-ftrying  tcnipeiatiirvs  and 
many  otlior  cansee  upon  the  inetmmenl.  The  general  resiill 
of  all  the  efforts  made  in  this  way  was  that  while  se^'cral  ol 
the  briglitf'r  stAiv  Kcmcd  to  some  «»trononiei-a  to  have  paml- 
Jaxeo,  BomctimcH  amonnting  to  two  or  tliree  seconds,  though 
generally  not  much  exceeding  a  second,  yet  there  was  no  siioh 
agreement  between  the  various  results  ns  was  necessary  to  in- 
spire confidence.  As  a  matter  of  fact,  we  now  know  that 
these  resnlle  were  entirely  illnHory,  being  due,  not  to  parallax, 
but  to  tbo  unavoidable  errors  of  the  instruments  used. 

Stmvc  was  the  lirst  one  to  i)ri)vc  conclusively  that  the  par- 
allaxes even  of  the  brighter  stai-s  wore  so  small  as  to  abso- 
lutely oliido  every  niodo  of  measurement  before  ndoplcd.  In 
principle  his  mctliod  wfts  that  eiuplojed  by  RoDmer,  tlie  sum 
of  the  paralla^ei)  of  stars  twelve  hours  distant  in  right  ascen- 
sion being  determined  by  the  annual  change  in  tlie  intcn'als 
between  their  times  of  transit  over  tlie  meridian.  But  be 
made  the  great  improvement  of  eelecting  etars  wliicli  conld 
be  obeorvod  as  they  passed  the  meridian  below  tlic  pole,  as 
well  u  above  it,  so  tliat  a  short  time  before  or  after  observing 
the  transit  of  a  star  he  could  turn  his  transit  instrument  be- 
low the  polej  and  obsen'o  the  transit  of  the  oppOBlte  star  from 
wwt  to  cast.  Thus  he  was  not  under  tlie  necessity  of  depend- 
ing on  the  rate  of  his  clock  for  more  than  an  hour  or  two^ 
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while  Roemet*  Lad  to  depend  on  It  for  Iwelro  hours.  TIte  r» 
Eult  of  iStrnvo  wns  tlmt  the  uvcnigu  ^urcillax  uf  Uio  twoiitv- 
fivv  briglitat  stm-ft  vithin  45°  of  tiie  pole  could  iiot  muvli,  if 
at  bU,  exceed  a  single  tciitli  of  a  second. 

Sucli  was  iho  general  state  of  tilings  up  to  the  year  1835. 
It  wa«  Uicii  decided  by  Stnivc  mid  Ite«8cl,  in  lieu  of  altAiupt- 
iiig  to  detei-mitio  zenitli  dietaiicos,  to  adopt  the  method  of 
relative  panilUxt'^.  The  idira  of  this  ucthod  roally  dates  al- 
most from  the  invention  of  tlic  telescope.  It  was  coiisidcrcd 
hy  Galileo  and  Ituyglions  that  wliei-e  a  bright  and  a  faint 
star  wcra  seen  sidu  liv  Mtic  in  thv  lii-Id  of  vivn-  uf  a  tuloscupc, 
the  latter  vas  pi-obably  vastly  iiioi-e  distant  tliaii  the  fonucr, 
and  Ui&t  oonseqiiently  they  would  chango  their  relative  po- 
eition  as  the  earth  mowd  from  ouo  tide  of  the  sun  to  the  oth- 
er. If,  for  iu«tiLDce,  one  etar  was  tlirco  time«  tlie  diManoo  of 
the  other,  ita  apparent  motion  produced  by  jmrallax  irontd  he 
only  a  third  tliat  of  tho  other,  and  thci-u  would  I'cinain  a  rel- 
ative parallax  equal  to  two-tliirds  tlmt  of  tho  brighter  star, 
which  could  I>o  detected  hy  nieasnrlng  tlie  angular  dislanoe 
of  the  two  6tar«  as  seen  in  tho  lolesoopo  from  day  to  day 
lliroiighout  the  year.  The  drawback  to  wluvh  llii«  method  is 
BUbjec-t  is  tlie  impoesibility  of  determining  how  many  limes 
&rthvr  tlio  ouu  star  is  llian  the  utlicr ;  in  fact,  it  may  be  that 
the  smaller  etar  is  really  no  fartlicr  ttian  tlic  largo  one.  Ko 
donht  it  was  this  consideration  wliidi  deterred  the  Aetron<^ 
mers  of  tho  lu6t  century  fiuni  trying  iJiiB  very  simple  iitelliod. 

Tlio  astronomers  of  ttio  last  generation  found  cnses  in 
which  thei-fl  conid  be  little  doubt  that  n  Mar  was  niucli  near- 
er to  us  than  tho  email  stars  which  surrounded  it  in  the  tield 
of  tlio  tclescoiH;.  Tor  instance,  tlio  star  61  Cygni,  or  mther 
tJio  pair  of  stars  thus  desi^atcd,  ni-e  found  not  lo  occupy  s 
fixed  position  in  tho  celestial  spliei-e,  like  tho  surrounding 
small  stJir»,  but  to  be  moving  forward  in  a  straight  lino  at  the 
rate  of  six  seconds  per  year.  This  nnionnt  of  proper  motion 
was  so  unusual  its  to  mulfc  it  probable  tliat  the  star  mttst  be 
one  of  the  neai'est  to  u$,  altliough  it  was  only  of  tho  sixtli  mag- 
□itnde.    It  was  therefore  selected  by  Oessel  for  the  invcsti- 
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of  itB  parallax  relative  to  two  other  etars  in  its  ncigh- 
k1.  Tlic  instrument  iiscd  was  tlie  tieliometer,  an  in- 
Btrnnient  wbicb,  as  now  made,  admits  of  gi-eat  prccisioo,  bnt 
which  was  then  Viahla  to  email  iinccrtaiutics  from  varions 
vaosea.  Ilia  early  attempts  to  detect  a  parallax  failed  u 
flouiplotcly  as  had  tlioeo  of  former  observers.  Ho  recwm- 
nieiiocd  tlicra  in  Aii^ngt,  1837,  his  firat  iwriea  of  mcasun^  be- 
ing continued  iinlil  October,  1$3S.  The  result  of  tliia  series 
VBS  tho  detcctiou  of  a  parallax  of  about  tbree-tentlis  of  a  sec- 
ond (0".3136),  Ifc  then  took  down  liia  inetnimcnt,  made  some 
iuiprovoments  in  it,  and  commenced  a  tecond  series,  which  lie 
continned  until  July,  183U ;  and  hiH  as&istant,  Schlilter,  nntil 
March,  1840.  The  iinal  value  of  the  parallax  deduced  by 
Besael  from  alt  these  obeervutions  was  0".35.  The  reality  of 
this  parallax  bas  been  well  establiehed  by  eubBeqnent  investi- 
^tors,  only  it  lias  been  found  to  be  a  little  larger.  From  a 
oombinatioii  of  all  the  veanlts,  Aiiwere,  of  Uerliti,  finds  tlio 
inoet  probable  parallax  to  be  0".51. 

The  star  selected  by  Stnivu  for  the  measure  of  relative  pat^ 
albuc  was  the  bright  one  a  Lyne.  This  lias  not  only  a  sensiblo 
pro|>cr  motion, bnt  is  of  tlie  liret  magnitude;  eo  that  there  ia 
every  reason  to  believe  it  to  bo  among  those  which  ai-e  ncai-est 
to  ns.  The  comparison  was  made  witli  a  single  very  small 
star  in  the  neighborhood,  the  instrnment  n»ed  being  the  nine- 
inch  telescope  of  the  Dorpat  Observatory.  The  observaliona 
extended  from  November,  1S35,  to  August,  1S3S.  Thu  result 
was  a  relative  parallax  of  a  quarter  of  a  second.  Subsequent 
investigationa  have  reduced  this  parallax  to  two-tentha  of  a 
Nooad,  80  that  altliough  a  Lyiw  is  nearly  a  hundred  times  as 
bright  OS  either  of  the  jiair  of  slar^  61  Oygni,  it  is  more  than 
twice  as  far  fTom  us. 

Before  ttto  )inblication  of  these  works  of  Stm^*o  and  UesseV 
it  was  found  by  llcndcraon,  the  English  astronomur  at  tho 
Cape  of  Good  Ilopc,tluit  tlio  star  a  Ccutauri  had  a  ))arallax 
of  about  one  second.  This  result  has  been  contirmed  by  re- 
cent measures,  except  that  the  parallax  is  found  to  he  only 
tiiive-fonrths  of  a  second ;  uuO  it  is  now  well  established  that 


906 


PKACnCAL  JSTKOyOMT. 


a  Centanri  is,  eo  far  na  ean  be  learned,  die  nearest  of  all  tbe 
fixed  itan.  Being  iii  00*'  sooth  dedioatloo,  Uns  star  is  not 
visible  [d  out  latitodea. 

In  1^:2-43  most  elaborate  obeeiraUons  of  a  nninber  of. 
Itan,  witii  tho  vjt-w  of  detecting  their  paiallax.  wont  mads' 
at  the  Palkova  obscr^-atonr  bjr  Dr.  C.  A.  F.  Peien.  All  llie 
paialUxes  he  dctectml  were  »miil1  rth]  donlitfal.  He  meafr* 
Dfcd  the  absolato  docliiiiilii.>ti  of  i-mrli  Unr  from  (iino  to  time, 
instead  of  ita  distance  fnitn  some  small  star  near  it,  a  method 
which  has  not  eincc  hccn  applied,  owiii^  to  its  uaccrtainiy. 

Tiio  next  attcmiit  to  dciennitH:  the  |wm1liuce»  of  a  Dumber 
of  fetara  on  a  nniforra  plan  was  comineiiued  br  Dr.  firfinnow, 
at  Dublin,*  atiU  oofitinned  b_v  Iiis  £iicc-os»>r,  Sir  Robert  S.  BalL 
Notllwr  of  thcui  has  found  Miy  tXtn  with  a  largo  parallax. 

The  most  recent  and  cinborutc  dctprminslions  of  stellar 
parallax  hare  beoQ  inadu  at  llic  Capo  of  Good  Hope  bjr  Dr. 
David  Gill,  her  Maj«t^-'a  astronomer  at  that  plaL-o,  and  Dr. 
W,  L.  Ellcin,  now  of  tlio  Tale  Collc^  obser^-atorv.  Tlieir  in- 
Btmmciit  was  a  hclioinctcr.t  «ni6trnctcd  by  tlio  Kepeoldii  for 
Lord  Lindsay's  expedition  to  ofaserre  the  transit  of  Venus  in 
1874. 

The  revont  doterminations  of  stellar  parallax  by  Professor 
A.  Uall  should  also  he  mentioned.  They  were  mado  with  tbe 
great  Washington  telcsco]>e.  Among  tlieir  rcftnlts  is  that 
parallax  of  Aldebaran,  which  was  snppoecd  to  be  among 
largest,  is  loo  small  for  aoctiratc  mcastircmcnL 

Tlie  goiMral  result  of  all  the  measures  of  stellar  paimlli 
yet  made  may  be  very  briefly  summed  up.  Tbe  dtstaooea 
be  given  so  transcend  all  our  ordinary  ideas  that  we  most  take 
■8  a  unit  of  measure  the  distance  which  li^t  wonid  travri  la 
one  year,  which  ia  ^ont  237,000,000  times  the  drcamfereooe 
of  tlie  eattb. 


*  t)r.  Bitfnocw  wM  formaTlj  dirccUr  or  tho  oliMmtory  of  Alia  Aibor, 
Miehlgnn. 
t  8m  III*  itoHtiry  io  ch«  Apptadix  for  a  daflnliion  of  ibii  ioftnimtnt. 
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Tin  neare&t  atnr,  a  Ccntftnri,  Iuib  a  parallax  of  l)".7S  aod 
M  distance  of  four  an<J  a  lialf  light-units. 

■  Tvo  otbor  EiaiK,  CI  Cygtii  and  Ijiliinde  211S5,  Imvc  ft  par 

■  kilax  of  about  linlf  a  second  and  a  distance  of  sercn  liglit- 
ftanita. 

H    About  twelve  etun  have  ^xinilliixeH  ranging  from  0".l  to 
W0".8,  and  difttatitie*  ranging  fi-om  teti  to  tliirtj-  liglil-unit^ 
H     Mo6t  of  the  otli«r  elars,  oven  ilio  uiujoi-iiv  of  tbcee  of  the 

■  first  and  sooond  inngtiitndefi,  are  so  distant  tliat  no  purullax 
Iwft  yet  l>oe:i  detected. 

The  abe«ncc  of  mcaeiirablu  [>antllax  in  somu  of  tho  bright- 
est of  Uie  sinr*,  and  it^  presence  in  sonie  very  einnll  ones,  is 
one  of  the  ivmarkable  featnrcs  of  the  starry  uuivei^c.  For 
example,  Canopue,  a  star  viublu  in  moro  eontiicni  latitudes 
tlian  oure,  is  the  second  brightei^t  &tar  in  the  heavens.  Urs. 
Gill  and  Elkln  fonnd  a  pnmllax  of  only  0".U3,  which  would 
give  a  distance  of  inoro  than  unu  Itindrcd  light-nniu.  The 
brilUaucy  of  ntu*  varying  its  the  inve»e  wjuitro  of  their  di«- 
laiicOB,  it  foltom  that  if  Canopus  wei-e  bioti^lit  a-s  iieitr  lis  as 
61  Cjrgni  is,  its  brightness  would  be  increased  eonio  twalinn- 
dred  tiincK,  which  would  tnalce  it  otic  hundred  times  as  bii^ht 
SB  Sirins.  and  ten  thousand  tiiit«B  as  bright  as  61  Cygiii. 

In  iiioasurements  of  the  annual  parallax  of  tho  fixed  etars, 
it  eometiDiee  Imppons  that  tlie  astronomer  finds  his  observa- 
tions to  gi^i)  a  negative  pai'allax.  To  nndcrstand  what  this 
luawis,  we  remark  that  a  determination  of  the  di&tance  of  a 
Star  is  tnadu  by  detormiuing  its  directions,  as  scon  from  oppo- 
site points  of  the  cnrthV  orbit.  U  wc  draw  u  liiiu  from  each 
of  tbeeo  points  iij  the  olxKirvod  diivction  of  the  Mar,  thi>  point 
io  which  the  lines  meet  marks  tJie  position  of  the  star.  A 
negative  pamllax  cliows  tliat  tlio  two  lines,  instead  of  converge 
ing  to  a  |>oint,  actaally  diverge,  so  tlmt  there  ia  no  po^iblo 
position  of  the  star  to  correspond  to  the  obEervations.  Such  a 
idoxiatl  result  can  ariKe  only  from  errors  of  obecrvationa. 

15 
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CUAPTER  17. 


TiiK  HonoK  or  uoirr. 

ISTniATici.T  connected  wiUi  celestial  mcaflttrementi  are  tbe 
cnrions  pbenomena  growing  out  of  tlie  iirogiiaBno  movo- 
mcDt  of  ligbt.  It  is  now  known  tliat  wbcn  ne  lojk  at  a  star 
wo  du  not  Hw  tlie  Mar  thut  now  i»,  but  tlio  star  that  was  sev- 
eral j-eavB  ago.  Tliough  tlie  star  should  Biiddeuly  be  blotted 
out  of  existuiicc,  we  sliould  etill  see  it  shining  for  a  namber 
of  yean  bcfoi-v  it  would  vanieli  from  oiir  sight.  Wo  slionld 
600  uii  event  that  was  long  pa»t,  peHmps  one  that  wae  past 
before  we  were  born.  This  non-ooiucidence  of  t)ie  time  of 
perception  with  that  of  occuiTDiice  is  uwjng  to  the  fact  that 
liglit  requires  time  to  travel.  We  can  sec  an  object  onlif  by 
light  %vhich  emanates  from  it  and  reachcct  our  eye,  and  ttnis 
our  sight  is  behind  time  by  tlio  interval  required  for  the  light 
to  travel  o^'er  the  space  which  separates  us  from  tlie  object. 

It  was  by  observations  of  the  ealellitea  of  Jupiter  that  it 
was  lin>t  found  tliat  cclustial  phenomena  weiv  thus  seen  be- 
liind  time.  TlIe^c  indies  revolve  round  Jupiter  much  mora 
rnptdly  than  our  moon  does  around  the  earth,  the  inner  satel- 
lite iniikin;;  n  complete  rovolntion  in  eighteen  hours.  Owing 
to  the  givai  ningniliidc  of  Jupiter  and  hiA  fthudow,  this  satcl- 
Hte,  as  also  tlie  two  next  outside  of  it,  are  eoh'psed  at  every  njr- 
olotion.  The  accuracy  witli  which  the  times  of  disappearance 
in  the  slmdow  conhl  be  observed,  and  the  consequent  value  of 
sucti  olmervations  for  tlic  detcnnination  of  longitude*,  led  tlte 
oatronomci-s  of  tho  ecveiitocnth  century  to  make  tables  of  the 
times  uE  occnrrence  of  these  cclii>scs.  In  attempting  to  im- 
prove the  tables  of  his  predecessors,  it  was  fonnd  by  lioomer 
(then  of  Paris,  though  a  Dane  by  birth)  tliat  tlio  times  of 
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^eclipGce  could  not  be  represented  bv  an  equable  motion  of 
the  satollitc«.  Ho  oonid  easily  rcprcceut  tho  tiui«s  of  the 
edipMH  wtic'ii  Jupiter  was  in  opposition  to  tlio  eiiii,  and  llicre* 
fore  tlie  eartli  nearest  to  Jupiter.  Bnt  then,  as  the  earllt  re- 
cedod  from  Jupitur  in  its  annual  coureo  round  tbc  snii,  tbo 
eclipses  were  ounitaiitly  M-cn  later,  until,  when  it  was  at  its 
greatest  distance  from  Jnpiter,  the  times  appeared  to  bo  32 
minntee  late.  Snch  an  inecjuality,  Roemcr  concluded,  eoold 
not  bo  real ;  be  tliei-cfurc  attributed  it  to  tlio  fact  that  it  must 
take  time  for  light  to  come  from  Jupiter  to  the  enrtli,  and 
that  this  time  is  greater  tlio  more  distant  the  cartli  is  from 
tl»  planet.  Uc  therefore  concludotl  that  it  took  light  S3 
miniitos  to  cro«s  the  orbit  of  the  earth,  and,  conaeciuciitly,  1 1 
ninntea  to  come  from  tlic  sun  to  tlie  earth. 

Tlie  next  groat  step  in  the  theory  of  the  progressive  motion 
of  light  was  Miiide  by  the  celebrated  Hradley,  afterwards  As- 
tronomer Royal  of  England,  to  whose  observatioi»  at  Kew  on 
the  star  y  Draconie  with  his  zenith  sector,  in  order  to  deter- 
mine tho  pnralhtx  of  the  star,  allusion  hns  already  bceu  made. 
Tlie  effect  of  jmialliLX  would  have  been  to  nuike  the  docHuft- 
tion  greatest  in  June  and  least  in  December;  while  in  March 
and  September  tlie  star  would  occupy  an  intermediate  or 
mean  position,  (tut  (he  actunl  result  of  the  meji«nrc«  wax 
entirely  different,  and  exhibited  phenomena  which  Dradley 
could  not  at  lirst  account  for.  The  declinations  of  Juno  and 
December  were  the  same,  showing  no  effect  of  pamlhix.  But, 
instead  of  remaining  tlio  same  the  i-eat  of  the  year,  the  decli- 
nation was  6o?iio  forty  seconds  greater  in  September  than  in 
Harch,  when  the  effect  of  parallax  should  be  the  ssinio.  Thus, 
the  star  had  a  regnlar  annual  oscillation;  but  instead  of  its 
apparent  motion  in  this  littlo  orbit  being  opposite  to  that  of 
llie  eartli  in  its  annual  orbit,  as  required  by  tho  lav,-s  of  rclo- 
tire  motion,  it  was  constantly  at  right  angles  to  it. 

After  long  consideration,  Bradley  saw  tho  cjiuec  of  the 
plienomenon  in  the  progreasive  motion  of  light  combined 
with  the  motion  of  tlio  earth  in  its  orbit.  In  Fig.  57  let  S 
be  a  star,  and  OT  a  tclcscoii*  pointed  at  it.    Then,  if  the 
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teleeotjipo  is  not  in  motion,  tlw  ruv  •S'07'  einnniitin^  from  ttie 
stw,  and  entering  the  centre  of  tlic  object  •  glftas, 
wiH  paES  down  nt-ar  the  riglit-liaiul  edge  of  the  oye- 
piece,  and  the  «lar  will  np{>enr  in  the  right  of  the 
field  of  view.  But,  instead  of  being  at  rest,  all  oar 
telescopes  are  carried  along  vitli  tlw  earth  in  its 
orbit  rontid  the  sini  at  tlte  rale  of  netrly  nineteen 
miles  a  second.  Suppose  this  motion  to  be  in  tlie 
direction  of  tlio  arrow;  then,  while  the  ray  is  pass- 
ing down  the  telescope,  the  latter  moves  a  short  dt«- 
tance,  so  that  the  ray  no  longer  strikes  the  right- 
liftud  edge  of  the  oye-pioce,  but  some  point  &rther 
to  the  left,  lis  if  tlic  etar  were  in  tlio  direction  S^, 
and  the  ray  followed  the  course  of  tlie  dotted  line. 
In  order  to  see  Uio  star  centrally,  tlio  eye  end  of  the 
tolesoope  niiut  l>o  drop))cd  it  little  behind,  w  thai, 
Fia,  u,  -  instead  of  pointing  in  the  direction  iS',  it  will  really 
Abtmiuon  be  pointing  in  the  direction  A",  shown  by  tlie  dotted 
ray.  Thi»  will  tlicii  represent  the  apparent  direc- 
tion of  the  star,  which  will  seem  dispUtced  io  the  direction  in 
which  the  earth  is  moving. 

The  plicnoiuenon  h  quite  einiilar  to  that  prcwntcd  by  the 
apparent  dii-ection  of  the  wind  on  board  a  steamslii])  in  mo- 
tioiL  If  the  wind  is  really  at  right  angles  to  the  course  of  the 
ship,  it  will  appear  more  nearly  ahead  to  tlio«o  on  board ;  and 
if  two  ships  ai'e  passing  each  other,  they  will  appear  to  Iiara 
the  wind  in  different  directions.  Indeed,  it  is  said  to  have 
been  tlirough  notiein;^  tliis  very  I'csiilt  of  niot!<jn  on  board  a 
boat  on  the  Thames,  that  the  canso  of  the  phenomenon  he 
bad  obwrved  was  suggested  to  Bradley. 

The  displacement  of  the  stars  which  we  have  explained  is 
called  the  Aberration  of  LighL  Its  amount  depends  on  tike  ra- 
tio of  tlie  velocity  of  tlio  cartli  in  its  orbit  to  tJw  velocity  of 
light.  It  can  he  determined  by  obwrving  the  declination  of 
a  star  at  the  proper  ecaeons  during  a  number  of  years,  by 
wliicli  the  annual  displacement  will  be  sliown.  Ttio  value 
DOW  most  genemlly  received  is  that  determined  by  Struvo  at 
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I  Fulkowa  Observatory,  and  is  20".445.  Tliongh  tliis  is  Out 
reliftljlo  vuliM)  yet  found,  tho  two  lfi«t  figures  are  both 
uDcertaiii.  We  can  any  littlo  more  than  tlint  tUe  constant 
probably  lies  between  ^0"^  and  WAS,  and  that,  if  outsjde 
th«e  limibt  at  all,  it  is  certainly  \-ory  littlu  ontsidc. 

Tliiii  amount  of  aberration  of  encli  utar  bIiov9  that  light 
travels  lO^SH  times  as  fast  as  tho  earth  in  its  orbit.  From 
this  we  can  dutvnniiic  the  tiltMS  light  lakes  to  travel  from  the 
Sim  to  the  eartii  entirely  iii<Ie[>cndcnt  of  tlie  satellites  of  Ju- 
piter. The  earth  makes  tlie  circuit  of  its  orbit  in  365^  days. 
Then  light  would  make  this  eaiiie  circuit  in  ^§^1^  of  a  day, 
which  we  find  to  be  53  minutes  H^  Ecconik.  The  diameter 
ol  tbo  earth's  orbit  is  found  by  dividing  it«  circumfereiioo  by 
8.1416, and  tlic  uicnn  distance  of  the  Hnn  is  half  this  diameter. 
We  tliiifi  find  from  the  above  amount  of  sberration  that  light 
passes  from  tho  sun  to  tho  earth  in  8  minutes  18  seconds. 

The  question  now  ariw«,  Docs  the  mtnts  result  follow-  from 
the  observations  of  the  satellites  of  Jnpiter!  If  it  does,  we 
have  a  striking  confirmation  of  the  astronomical  theory  of  the 
propagation  of  light.  If  it  decs  not,  wo  hare  a  dlscropaiicy, 
tlie  cause  of  which  miiat  he  investigated.  We  have  8aid  that 
tlw  first  investigator  of  the  subject  found  tlio  time  required 
to  bo  11  minutOB.  This  dt-tcrmination  was,  however,  uncertain 
by  tCTcntI  minute*,  owing  to  the  very  imiwrfcct  character 
of  the  early  obaervntions  on  which  Roemer  haa  t^  dopend. 
Early  in  the  present  century,  Delambro  made  a  complete  in- 
vestigation from  uU  tlie  celip«cs  of  the  satellite*  which  hud 
been  oiiierved  t>etween  1G62  and  1S03,  more  than  a  thousand 
in  nnmbcr.    Uis  result  was  8  minutes  13.3  seconds. 

TlicTO  is  a  discre{nuicy  of  five  «eceiide  between  this  rogult 
of  Delambre,  obtained  .'~ome  seventy  years  ago,  and  the  mod* 
era  determinations  of  the  aberrations  of  the  fixed  stat«  made 
by  Struve  and  other*.  What  is  its  cause)  Probably  only  the 
erroia  of  the  observations  used  by  Delambre.  In  this  ease, 
there  would  be  no  rral  difference.  But  some  physicists  and 
utronomers  have  endeavored  lo  allow  that  there  is  a  real 
wsaa  for  snch  a  diSei-ence,  which  they  hold  to  indicate  an  er- 
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ror  in  the  valiio  of  tbo  abcrrfttioii  dcrired  from  ob««rration 
arising  in  tlii«  way.  It  U  known  from  ex|>onmeiit  Uiat  light 
passes  through  glass  or  any  other  rsfi-actiiig  medium  more 
slowly  tliau  through  u  void.  In  observations  vritli  a  teIe8co|)C 
the  light  has  to  i)a88  through  the  objective,  and  the  time  lost 
in  doing  so  nill  malce  the  aberration  appear  larger  tlian  it 
really  is,  and  the  velocity  of  light  will  appear  too  »mall.  But 
the  commonly  reueived  tlieory  (llint  of  Fi-esnol)  is  that  this 
loss  of  time  is  compensated  by  tlio  objectire  partially  drawing , 
the  my  with  it.  l3esirous  of  setting  tho  nuestion  at  rest,  Pro- 
fcMor  Airy,  a  few  years  ago,  coimtructed  a  telescope,  nhtvh 
he  tilled  with  water,  with  whieh  he  observed  the  constant  of 
aberration.  The  aberration  was  fuund  to  bo  tltu  same  as  with 
ordinary  telescope,  tliii«  proving  llio  theory  of  Fresiiel  to  be 
correct,  because  on  the  other  theory  the  aberration  ought  to 
have  boon  much  increased  by  the  water. 

Hence  tht»  explanation  of  the  diflorouco  of  the  two  results 
fails,  and  rondcn  it  more  probable  that  there  i»  some  error  in 
Delainbre'e  result  A  reinvestigation  of  all  the  observations 
of  Jupiter's  satellites  is  very  desirable ;  but  so  vast  is  tlie  labor 
that  uo  one  siuce  Delambro  has  undertaken  it  Mr.  GInaenapp, 
a  young  Russian  aj^trononier,  has,  however,  recently  investi- 
gated nil  tliu  observations  of  Jupiter's  lii'st  sutolUtc  made  dur- 
ing the  years  lS4S-lS7d,  and  found  from  these  tliat  ttie  time 
required  for  light  to  pass  from  the  sun  to  Uie  earth  is  S  min- 
utes SO  seconds.  Instead  of  being  smaller  than  Struvc's  re- 
sult, tlite  is  two  seconds  larger,  and  seven  seconds  larger  tlian 
that  of  Belarobro.  It  is  therefore  concluded  that  the  differ- 
ence between  the  results  uf  the  two  methods  arises  entirely 
fi-om  the  errors  of  the  observations  used  by  Delambre,  and 
that  Struve's  lime  (498  seconds)  is  not  a  secoud  in  error. 

£aoh  of  the  two  motliods  we  have  desciibcd  gives  ns  tlio 
time  required  for  light  to  pass  from  tlie  sun  to  the  earth ;  but 
neither  of  them  gives  us  any  direct  information  respecting  the 
velocity  of  light.  Before  wu  can  detenninc  tlio  latter  from 
the  former,  we  must  know  what  the  distance  of  the  snn  is. 
Dividing  tliis  distance  iu  miles  by  4ttS,  we  shall  have  tbo  dia- 
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luioe  whicli  lifjlit  travel*  in  n  secvrid.  Convcisel)',  if  we  can 
fiod  expcriineiitally  Iiow  far  light  travels  in  a  secoud,  then  bjr 
mnUiplying  tliie  distanco  by  498  no  eliall  lla^-o  tlio  dist&ncc  of 
the  suit.  Hnt  wc  tii-cd  odIj*  reilcct  thnt  the  \-elocity  of  light 
13  nboiit  1SO,000  luileB  per  eevoiid  to  t«G  tliat  the  problem  of 
detennining  it  uxperliuctilally  i»  a  iiiu^t  ditlivull  one.  It  U 
Mlduin  that  objects  on  the  Mirfoc-e  uf  the  caitli  are  distinctly 
eeen  at  a  greater  distance  than  forty  or  fifty  milos,  and  over 
«ni-li  a  distance  light  truvul^  in  the  furty-lhousaudth  puit  of  a 
•cvond,  A»  might  be  expected,  tlie  earlier  attemiits  to  lix  tlio 
time  occupied  by  light  in  paaeiug  over  distancee  go  short  aa 
th06G  on  the  sitrface  of  tbu  vsirth  wcru  entire  failuri-i^.  The 
firftt  of  tlie»o  18  due  to  Galileo ;  and  liid  method  is  worth  niea* 
Uoning,  to  ehow  the  principle  ou  which  each  a  determination 
can  be  made,  lie  Elationcil  two  obscrveiis  a  mile  or  two  apart 
tiy  nif^ht,  ejidi  Imving  a  lantern  whicli  he  oonid  cover  in  n 
moment.  The  one  observer,  A,  was  to  cover  liis  lantern,  and 
the  distant  one,  B,  as  Koon  as  he  &aw  tlic  light  dieappoar,  cov- 
fivd  his  aUo.  In  oi-der  that  A  might  we  the  diitappcaranve 
of  It's  lantern,  it  was  necessary  that  llio  liglit  should  travel 
from  A  to  B,  and  back  again.  For  inslanec,  if  it  took  one 
wcond  to  tntvel  between  the  two  stations,  B  wonid  continno 
to  soc  A'a  light  an  entire  second  after  it  was  really  extinguisli* 
ed;  and  if  bo  tlion  covered  his  lanicm  instantly,  A  vroutd 
Hill  sec  it  dni-ing  another  second,  making  two  seeond*  in  all 
after  he  had  extinguished  bia  own,  besides  t]io  time  B  might 
have  required  to  completely  perform  the  movement  of  cover- 
ing hiK. 

Of  L-onrse,  by  lliia  rough  method  ftalileo  fonnd  no  inle^ 
Tal  whatever.  An  occurrence  which  only  required  the  hun- 
dredth [wrt  of  the  thousandth  of  a  second  was  necessarily  in- 
stantaneous. But  we  can  readily  einboiate  his  idea  into  the 
more  rettncd  methods  used  in  recent  times.  Its  essential  feat- 
ure is  that  which  must  always  be  employed  in  making  the  de- 
lemkination ;  that  is,  it  is  necessary  that  the  light  shall  be  sent 
frum  one  station  to  another,  and  then  returned  to  the  first 
one,  where  the  double  interval  is  timed.     There  is  no  ^lusei- 
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bi1!ty  nf  compariug  the  times  nt  two  distant  stations  witli  tlie 
neceeeary  pi-eoteion.  The  first  iuprovcuicnt  wc  slioiild  make 
ou  Galilfio'e  inctliod  would  be  to  tct  up  a  mirror  at  the  dis* 
taut  st&tion,  nnd  clif>(>oit»e  with  tlio  second  tanlem,  the  ob- 
server A  eeoing  Iiis  own  kutora  by  rotluctioii  in  tbc  mirror. 
Tlic-n.  if  lie  evrccned  his  Inntern,  lie  would  conliitne  to  mm  ft 
b;  redection  in  tiic  mirror  during  tlie  time  tho  light  required 
to  go  and  come.  But  tlus  al«o  would  bu  a  totul  failuit,  bo- 
CBuac  Uio  reflection  would  eeeni  to  ranitli  imtantlr.  Onr  ooxt 
effort  would  be  to  try  if  we  ootild  not  send  out  a  flaah  of 
light  from  our  lantern,  and  ecreen  it  off  bcfoio  it  fi^t  back 
again.  An  attempt  to  ecreon  off  ft  single  flash  would  aln>  bo 
ft  failure.  We  should  then  try  suuding  a  rapid  snccsesion  of 
flashcw  tbrough  oponin*^  in  ii  moving  ecrceu,  and  see  wheth- 
er tbey  oonld  be  cut  off  by  the  eidea  of  tlie  openings  baforo 

their  return.    This  would  be 

effected   by  the  coutnvunce 

shown  in  Fig.  6S,    Wo  h»\"o 

here  a  wheel  with  spoke*  cx- 

V^    tending  from   ita  cireumfer- 

r^~^  once,  tlio  diMaiico   betwcca 

,Si^     them    being   equal    to    their 

br4.>adth.    Thi«  wheel  is  placed 

in  front  of  the  lanteni,£,  so 

tlmt  tho  light  from  the  latter 

fle.0(l-llavo)r1ii||  wheel,  for  msunrliiglbii    Ime  tO  pBfiB  botWUCn  tllO  SpolteS 

tlie  distant  mirror.  In  the  figum  the  reader  ia  Mippomd  to  bo 
between  the  wbccl  and  the  i-eflocting  mirror,  facing  the  for- 
mer, so  that  he  sees  the  light  of  tho  lantern,  mid  also  tlio  eye 
of  the  observer,  between  the  B]>okcfl.  The  Ifttler,  looking  bo- 
twcen  tho  spokes,  will  eco  the  light  of  tlie  lantern  reflected 
from  tho  mirror.  Now,  suppose  he  tnnis  the  wheel,  still  keep- 
ing bis  eye  at  the  same  point.  Then,  each  spoke  cutting  off  tho 
liglit  of  tbu  lantern  a»  it  passes,  there  will  ho  a  snccesaion  of 
flashes  of  light  which  will  pass  thi-ougli  between  tlie  spokea, 
travel  to  the  mirror,  and  tbcnco  he  reflected  back  again  to  tlie 
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vheel.  Will  they  reacli  tlio  eye  of  tho  observor  l>chind  tlie 
wheel  i  KviduiiUy  tlivy  w!ll,  if  iiwy  rutuni  so  quickly  that  a 
tooth  has  not  had  time  to  inten~eiie.  Diit  8np|Hise  the  wheel  to 
tarn  so  rapidly  that  a  tooth  jiist  intervenes  as  the  flash  gets 
back  to  it.  Thcii  the  observer  will  h)0  no  light  iii  Uio  mirror, 
because  ea^  suoceseive  flaeh  is  caught  by  the  following  tooth 
just  before  it  readies  tho  obi»rvcr's  eye.  Suppose,  next,  that 
hu  doiibke  tlic  speed  of  his  wheel.  Then,  while  tlie  flasli  is 
tntvelling  to  tJio  mirror  and  ba«k,  tlie  tootli  will  have  posMd 
dear  across  and  out  of  the  way  of  the  fla&li^so  that  the  latter 
will  now  reach  the  observer's  eye  through  the  opening  next 
following  that  which  it  pai<«ed  tliroiigh  to  leave  the  hintcni. 
Thus,  the  observer  will  see  a  sacoession  of  fla&hcs  so  rapid 
that  they  will  icoui  entirely  continuous  to  tho  eyo.  It  tho 
ipeod  of  the  wheel  be  again  increased,  the  rotnm  flash  will  be 
caught  on  the  second  tooth,  and  the  observer  will  see  no  light, 
while  a  still  further  increuso  of  velocity  will  enable  him  to 
nc  the  flashes  as  tliey  return  through  tlie  second  interval  bo- 
twcen  tlie  spokes,  and  so  on. 

In  principle,  this  is  Fizeaii's  method  of  incasuriug  the  ve- 
locity of  light.  In  place  of  spokes,  he  has  exceedingly  fino 
teeth  in  a  large  wheel.  He  does  not  look  between  the  teeth 
with  the  naked  eye,  bnt  employs  a  telescope  so  ananged  tliat 
tbe  teeth  paso  exactly  through  its  focn*.  An  arrangDmcnt  ie 
made  by  which  the  light  pnfses  through  the  same  focui«  with- 
out roachiog  the  observer's  eyo  except  by  rolluction  from  the 
distant  mirror.  Tlie  latter  is  placed  in  the  focus  of  a  tccond 
telescope,  so  that  it  can  be  easily  adjusted  to  send  the  iitya 
back  in  the  exact  direction  from  which  they  come.  To  lind 
ibe  litno  it  lakes  the  light  to  travel,  it  ia  neccsfliry  to  know  tlio 
exact  Telocity  of  Uie  wheel  wliich  will  cut  off  tho  rernra  light 
eatirely,  and  tlience  tho  number  of  teeth  which  pn»)  in  n  sec- 
ond. Snppo«e,  for  inataiice,  tliat  tlie  wheel  had  a  thousand 
leotli,and  the  reflector  n-as  nine  miles  away,  t-o  tlntt  the  light 
hftd  to  travel  eighteen  miles  to  get  back  to  tlic  fucun  of  the 
telescope.  Tlien  it  would  bo  fonnd  that  with  a  velocity  of 
about  five  turns  of  the  wheel  per  second,  tho  light  would  Iw 
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first  cut  off.  Incrcaang  the  \x'locity,  Et  would  rcap)>cftr,  nud 
would  grow  brighter  until  the  velocity  reached  ten  innis  jier 
second.  It  wonld  then  begin  to  &de  away,  aiid  at  fifteen 
tuni«  por  second  would  bo  again  occulted,  and  eo  oil  Willi 
the  latter  velocity,  fifteen  thousand  teetli  and  fifteen  iliouaand 
intervaU  would  pass  in  a  eecoud,  while  two  teeth  and  otio  in- 
toned ])at$cd  during  (he  timu  the  light  was  |}crforniing  Jtt 
journey.  The  latter  wotdd,  therefore,  be  performed  in  tlie 
ten-t]ion«andtli  part  of  a  eecoud,  showing  the  actual  relovity 
to  bo  180,000  milc«  per  eccond.  The  nioi<t  recent  dctvnnina- 
tion  made  in  tliU  way  h  by  M.  Coi'inijof  Paris,  who  has  luade 
Bomo  improvements  in  the  mode  of  applying  iL  Uis  rcsidts 
will  bo  deecrihed  pre»cntly. 

Ingenious  and  beautiful  as  tbia  method  ia,  I  do  not  tliiiik  it 
can  be  vo  accurate  as  another  oinployod  by  Fuucault,)n  which 
it  is  not  a  toothed  wheel  which  revolve*,  but  a  Wlictistuue 
uin'or.    To  explain  the  detaiU  of  the  appaiatim  aotunlly  used 

would  1>B  ledions, 
but  tlie  priucipli'  on 
vvliic'h  tlie  method 
rests  can  be  seen 
quite  readily.  Stii>- 
\Ki»c  A  a,  Fig.  59,  to 
rcprvsent  s  flat  mii-- 
ror,  scon  edgewise, 
revolving  round  an 
axis  nt  A',  aitd  C  a 

ru.  »— lUnitntlot  PniicnnU'*  miiliiHl  o(  nwnnintiz  tbo   tixcd    coucavo    niif- 

tlie  centre  of  ita  concavity  shall  fall  on  X  Let  0  be  a  lumi- 
nous point,  from  which  enianatOfl  a  ain;;lo  my  of  light,  OX. 
This  ray,  meeting  the  mirror  at  X,  is  reflected  to  the  txincave 
mirror,  C,  which  it  meets  at  a  right  angle,  and  is  tUurofore  re- 
flected directly  back  on  the  lino  from  wliich  it  came,  flivt  to 
X,  nnd  then  through  Uie  point  0,  Irow.  which  it  emanated,  ao 
that  an  eye  stationed  at  B  will  »co  it  ivturning  exactly  through 
the  point  0.    No  matter  how  tlie  observer  may  turn  tlio  mir- 
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ror  A  B,  be  cannot  make  the  reflected  ray  deviate  from  tliU 
lino:  bo  can  only  mako  it  etriko  a  different  point  of  tlm  mir- 
rcir  C.  If  be  tums  AB  so  that  after  the  my  u  retlocti-d  fiv^m 
it,  it  does  not  strike  C  at  all,  llien  be  vill  eee  no  retimi  my. 
If  tbo  ray  is  reflected  back  at  all,  it  will  pas  tbroiigli  0.  Tbi6 
nanlt  is  founded  on  Uic  Hiip|K)6itiua  that  tlie  mirror  ^/f  ro- 
mains  in  the  Ewnie  position  during  the  time  the  ray  occnpici* 
.  in  paji«ing  from  X  Xo  C  and  back.  But  eup])oM  the  mirror 
]A.B  Ici  be  revoking  *o  rapidly  that  when  tlie  ray  gets  biivk 
to  A',  the  mirror  bss  moved  to  the  position  of  ibo  dotted  line 
A'B.  Tlicu  it  will  no  longer  be  reflected  back  Uirou^b  0, 
bnt  will  be  eetit  in  the  direction  A",  the  angle  EXt7  being 
double  tliat  through  which  the  mirror  has  moved  during  tbe 
Umc  the  ray  was  on  it«  passage.  Knowing  tlie  velocity  uf 
tbe  mirror,  luid  tbe  angle  EXh^,  this  lime  is  easily  found. 

Evidently  tbu  observer  cannot  eco  a  conlinuous  light  at  A", 
(jccatiic  a  reflection  can  be  »cnt  back  only  when  the  iwulving 
mirror  is  in  such  a  ponilion  as  to  nend  the  ray  to  some  point 
of  tbe  concave  mirror, C  AVliat  will  really  bo  seen,  tliereforc, 
18  a  snccewion  of  IIa81ic»,  each  flash  appearing  at  the  revolving 
mirror  is  pa.seing  tbrouf^h  the  position  Ali,  But  when  tbo 
mirror  revolvea  rapidly,  Uiese  flashes  will  seem  to  the  eye  to 
form  a  continnous  light,  which,  however,  will  bo  fainter  than 
if  itic  mirror  were  at  re»t,  in  tbe  proportion  which  tlio  arc  of 
tbe  concave  mirror,  C,  bears  to  an  entire  circle.  Beyond  tlte 
enfeobteinont  of  tbo  light,  this  want  of  continuity  is  not  pro- 
dnctivc  of  any  inconvenience.  It  wwi  tbua  found  by  Fon- 
eault  tbat  (he  velocity  of  light  was  185,000  miles  per  second,a 
n»ult  which  is  probably  witbiu  a  tliowsand  miles  of  tbe  trutb. 
Ttiu  preceding  explanation  shows  ttio  principle  of  the  meth- 
od, bnt  not  tbe  details  necessary  in  applying  it.  It  13  not 
imeticablo  to  isolate  a  single  ray  of  light  in  tbo  manner  snp 
powd  in  Uie  figure,  and  therefore,  without  other  apparatus, 
the  light  from  (>  would  be  spread  all  over  the  space  ai-ound  B 
tud  E'.  The  deeired  rosnlt  is  obtained  by  placing  a  lens  be- 
tweon  tbo  limiinoiu  point  O  and  llio  revolving  miri-or  in  Mucb 
a  position  thai  all  tbe  light  falling  from  Oiipon  tlie  lens  sliall, 
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after  reflection,  be  lirouglit  to  a  focus  iipon  the  enrfacc  of  the 
concave  mirror,  C,  Then  wlioii  tlic  inirrur  A  B  is  made  to  re- 
volve rapidly,  the  return  rnyit  jiiisting  be«]c  tliroiigh  tlie  ]c» 
on  tlieir  return  journey  are  brouglit  to  a  focus  at  a  point 
aloiig-Hidc  O,  and  distant  from  it  lir  iin  xiiiount  which  lA  pn»- 
portionnl  to  the  time  the  light  litis  reqiiiivd  to  pa«s  from  X  to 
C^and  back  again. 

So  dulivuto  ifi  thtH  method,  that  the  milUouth  of  a  eccGlid  o( 
time  can  be  measured  by  it  as  accurately  a»  a  earpenter  can 
measure  the  breadth  of  a  boai-d  with  his  ruic.  Its  perfection 
is  Ihc  result  of  tho  coiRbined  gt-niits  of  ecwral  ui<.*u.  The  firet 
Idea  of  employing  a  revolving  mirror  in  the  nieiisurement  of 
a  very  minute  interval  of  time  is  due  to  tho  laic  Sir  Charles 
Wheatstone,  who  tlius  lucasiired  the  duraliuii  of  tho  cU-ctrio 
spark.  Then  Ara^  showed  tlmt  it  conld  be  applied  to  du- 
tenniiie  wheltier  the  velocity  of  light  was  greater  in  water 
or  in  air.  Fizcaii  and  Foueault  improved  on  Arago's  idem 
by  tlio  introduction  of  tlio  concave  mirror,  having  its  centre 
of  ciirvfttui-c  in  the  revolving  mirror,  and  then  this  wonderful 
piece  of  apparatus  was  euhstantially  complete.  The  la&t  de> 
terminatiou  of  tliu  velocity  of  light  with  it  was  inado  by  Pou- 
canlt,  and  commnnicaled  to  tho  French  Academy  of  Scienect 
in  1S<!3,  with  the  statement  that  the  velocity  resulting  from 
all  his  ox]>urimcnts  wa»  298,000  kilometres  (185,SOO  miles) 
per  i^ecoiid. 

Ilio  prnhlem  in  qnestion  was  next  taken  np  by  Ooniii,  of 
Paris,  whose  resnlt  has  already  been  alluded  to.  Xotwith- 
standing  the  supposed  advantage*  of  the  KoucauU-Wheai- 
Mone  method,  M.  Comn  preferred  that  of  Fizcan.  Ilia  tint 
results,  reached  in  16T2,  accorded  quite  ^vetl  with  those  of 
Foucmilt  jii:<t  cited,  indicating  a  small  but  eomewhal  nncvr- 
tain  increo^.  His  expcriincnta  were  repeated  in  ISTi,  and 
their  tcsnlis  woro  communicated  to  the  French  Aoad«my  of 
Sciences  in  December  of  that  year.  In  this  last  serie*  of 
measurements  his  station  was  the  observatory,  and  the  distant 
mirror  was  placed  on  the  tower  of  MonUli<Jr}',  at  a  distatico  of 
about  fourteen  English  milee.    The  telescope  through  which 
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tno  flashes  of  light  wcro  sent  and  received  was  twenty-nine 
feot  long  Mid  of  fourteen  inches  a[>crtiii-c.  The  velocity  of 
the  tootlied  wheel  could  he  mado  to  exceed  1600  turu6  u  eoc- 
OBd,  uid  hy  the  vlectro-clironograph,  on  which  tlio  rovolutions 
were  recorded,  the  time  could  be  determined  within  the  thou- 
sandth of  a  iiecond.     At  Montlh^ry,  the  telescope,  in  tlie  foona 

whi<rh  tho  rcflectiii!;  mirror  van  placed,  was  six  iuchcs  in 

erture,  and  was  held  by  a  large  caA^iron  Inbe  set  in  the 
mafionry  of  the  tower.  At  this  distance  M.  Comn  was  able, 
with  tho  highcHt  velocity  uf  liiit  ruvulving  wheel,  to  make 
t^venty  of  its  teeth  pnAs  before  tlie  Hashes  of  light  got  hat^, 
and  to  catoh  them,  on  their  return,  on  tlte  twen^-first  tooth. 
His  conclusion  was  a  velocity  of  300,400  kilorncti'C«  per  lec- 
ond  ill  air,  or  300,330  in  a  vacuum. 

Ttie  toothed  wheel  is  a  very  uncertain  mcaanring  in«tnt- 
nient,  in  comparison  with  tho  revolving  mirror  jiiet  dcscribod. 
It  received  tlie  preference  because,  on  Fouoaiilt's  plan,  tlio 
meoanres  had  to  be  made  within  tho  compass  of  a  uugld  room, 
while  with  tlie  toothed  wheel  the  light  could  travel  fourteen 
nuhis  and  back.  'What  wu«  wanted  wiw  a  tuodilic&tion  uf  the 
revolving  mirror,  so  that  the  return  fla&li  could  be  seen  from  a 
great  distance.  This  was  effected  during  the  years  IS78~S3 
by  Profossor  A.  A.  Mich«1«on  and  the  wnter.  In  their  tinal 
oxporintCDts  tho  revolving  mirror  was  tixcd  at  aatation  in  the 
grontids  of  Fort  Mver,  near  Waehingtoii,  and  the  light  was  re- 
flected from  a  flxcd  mirror  at  the  base  of  tlie  WaUiington 
Monument,  on  the  otiier  side  of  the  Potomac,  two  miles  and  a 
ter  away.  Tlie  time  reciairod  for  the  light  to  go  and  come 
{nond  to  be  lets  than  ^rhtv  '^^  ^  second.  If  the  measure 
of  so  minute  an  interval  seems  incredible,  we  must  consider 

it  a  mirror  revolving  250  tiuio  a  MCOnd  will  turn  through 
in  laigB  ^^  '^  second,  and  tliis  angle  is  easily  nicusiired. 
Tlio  resulting  velocity  was  299,660  kilometres  per  second,  with 
an  uncertainty  of  Iuhs  than  100.  At  this  rate  light  would  make 
tlie  circuit  of  (he  cartli  serea  and  a  half  limoi  in  a  seootid. 
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CHAPTER  V. 


TIIK    SPEOTROaOOFB. 


In  ono  of  Dr.  Lurdiior's  popular  lectures  on  (utronomy, 
livered  »otiie  tliirty  ycax-r,  ii{;>>,  lie  inlrodnecd  tlio  eiibjcct  of 
weighing  the  plaiiete  as  one  in  whicli  he  could  with  difficiiUj 
oxpoct  hie  etuteinutits  to  be  rewlvod  nith  vi-cdtility.  T)i«t 
men  etiouiil  nioifiu-e  the  diHliinoc»  of  tlie  plnncf^  wafl  a  state- 
ment lie  expected  ]iia  hearers  to  receive  with  Eorprise ;  but  the 
Htcp  from  meuiiriiig  tu  weighing  was  so  long  a  one,  that  it 
Beenieil  to  the  ordinary  mind  to  extend  beyond  all  the  boundi 
of  jKissibility. 

Had  a  hearer  told  the  lectnrer  that  men  would  also  be  able 
to  determine  the  diemie&l  vonsiitnentit  of  tliu  fiini  and  Stars, 
and  to  tell  whether  any  of  th«ni  did  or  did  not  contain  iron, 
hydrogen,  and  other  L-homical  elements,  the  lectnror  woiiM 
probably  Imic  replied  tliflt  that  statement  quite  exceeded  the 
limit«  of  his  own  ci-cdnlity;  that,  while  ho  himself  luw  clearly 
how  the  plaiiotfl  were  mensni«d  and  weighed,  he  looked  npon 
the  idea  of  delormining  their  chemical  confilittition  aa  a  mere 
piece  of  pleasanlry^or  the  play  of  an  exnbonint  fancy.  And 
yet,  this  vei-j'  thing  has,  to  a  eertain  extent,  been  done  by  the 
aid  of  the  K]icctro6copo.  Tiie  cbemical  constitution  of  matter 
in  the  stale  of  gas  or  vapor  van  be  detected  almost  as  readily 
at  the  distance  of  the  i^tani  as  if  we  had  it  in  onr  laboratoriea. 
The  difUcultiee  wliicb  eland  in  the  way  do  not  arise  from  the 
distance,  hut  from  the  fnct  that  matter  in  the  heavenly  bodie* 
seems  to  exist  in  some  state  which  we  have  not  snoceeded  in 
exactly  reprodncing  in  onr  laboratories.  Like  many  other 
wondent,  »pcctriim  analysis,  as  it  is  called,  is  not  at  all  extraor- 
dinary after  we  see  how  it  is  done.    Indeed,  the  only  wonder 
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eaub  point  of  the  speotruin  muEit  be  formed  by  ligbt  of  one 
degree  of  i-efrangibility.  To  effect  Uiis  in  t]i«  iiioel  perfect 
way,  tlio  «[iuctriiiii  'u  not  formed  un  &  screen,  but  on  the  retiiin 
of  tlie  obsorver's  eye.  An  inBtiiiment  by  which  this  is  done 
is  called  a  spectroeoopc. 

TIio  most  e«8eiiti*l  parts  of  n  H|wctrosoopc  consist  of  a  small 
teleftoopo  witli  a  prism  in  front  of  tlie  objoct-gla«6.  Tlw  ob- 
server must  adjust  his  tcK-scopc  eo  that,  removing  tiiu  prism, 
and  looking  directly  at  the  object,  he  aball  obtain  dii^tiuot  vi*. 
ion  of  it  Then,  putting  the  prism  in  it«  plnvo,  and  tiiniiog 
tlio  tcloKOpc  to  eudi  nn  angle  that  the  light  mIucIi  oonics  from 
the  object  shall,  after  being  refracted  by  the  prism,  pass  direct- 
ly into  the  tolcscoi^,  he  looks  into  the  latter.  When  tlio  pi>}p- 
cr  adjtutniunts  are  made,  he  will  ceo  a  pure  epcclnnu  of  tlie 
object.  In  order  that  tlii«  exjierinient  may  succeed,  it  i»  ee- 
eeiitial  that  the  object,  when  viewed  directly,  shall  present  the 
appearance  of  u  point,  like  a  slur  or  planet.  If  it  is  uu  object 
ivliicU  bus  a  mcajtuniblo  surface,  like  the  tun  or  moon,  ho  vill 
eee  either  nn  5j>cctmm  at  all  or  only  a  very  impnro  one. 

For  tliis  i-eason,  a  spectroscope  which  consists  of  nothing  but 
a  telescope  and  prism  is  not  fitted  for  any  purpoAO  but  that  of 
trial  and  illustration.  To  lit  it  for  general  u««,  aiiotlior  ot^ 
jectglaw,  with  a  slit  in  its  focus,  ia  added.    Fig.  60  shows  the 


Pia.  to— CoDtM  of  Mr*  rbrangh  a  >pMtroKOi». 

essential  parts  of  a  modern  iii>cctroscopc  At  the  farther  end 
of  the  Gooond  telescope,  where  the  ligbt  enters,  is  a  narrow 
slit,  which  cnn  lie  opened  or  closed  by  means  of  a  screw,  lutd 
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tlirough  wliic-h  llic  liglit  from  llio  u1ijc<A  is  ndtnilted.  The 
my*  of  light  fdllowiiig  the  dotted  lines  ure  iiiiulc  immllvi  by 
passing  tlirungh  the  letis,£.  They  then  fall  ou  tlio  ytrhni,P. 
I>y  vliicli  tJiuy  urti  rt'fnictvd.  ftitd  from  which  tlioy  ciiivi'i^  {lar- 
rIIcI,  excqit  llial  the  direction  of  llie  mya  of  diffeicnt  udoit 
is  different,  owing  to  t]io  greater  or  lees  degiva  of  ivfi-ni:fiun 
prodiioud  hv  till-  prism.  They  tliun  jiam  tlirougli  tho  ohjvcl- 
g\n»  of  tliv  tclcM-uim,  7',  by  whidi  tho  my«  of  cnch  volur  ui-e 
broQglit  to  a  focua  at  a  jiArliciiIar  [toiiit  in  tho  iicUl  of  view, 
ihe  red  ny*  all  coming  tt^tUur  ut  the  lower  point,  tlio  violet 
ODO  al  tlic  iip[wr  [mint,  and  thoM!  of  truch  intomiedinte  eulor 
at  their  projwr  ])lftoo  along  the  line.  The  observer,  Kicking 
into  llio  tu)v»:o{Mj,  fictHS  iIk-  tpcetnim  of  wlinlcvor  olijout  is 
throwing  ihi  light  tlirotigh  the  itliu 

If  lite  object  of  which  tlie  observer  wisl>e6  to  see  tlie  speo- 
trum  is  a  flame,  he  iilBcvti  it  iinnivdiatuly  in  front  of  lite  slit; 
and  if  it  is  mi  objoct  of  konuhle  surfuev,  like  the  son  or  moon, 
be  points  the  collimator,  C,  directly  at  it,  so  tluit  the  light 
which  enters  t)te  slit  sliall  fall  on  the  lons,Jv.  But  if  it  is  a 
Mar,  he  cannot  £^t  light  enough  in  this  way  to  sec  it,  and  ho 
inu»teit)icr  remove  his  collimator  entirely,  or  fasten  hitt  s]>cc- 
troscopG  to  t)ie  end  of  a  teleAcope,  so  that  the  slit  shall  be 
exactly  in  the  focus.  The  latter  is  the  method  universally 
adopted  in  vxnmining  the  spectrum  of  a  star. 

If,  witli  this  iiistnmibiit,  we  examine  the  light  which  cuincs 
from  R  cAndle,  from  the  tire,  or  from  a  pie(M!  of  white-hot 
iron,  wffi  shall  timi  it  lo  be  continiions ;  that  is,  there  is  no  gap 
in  the  ftcrica  of  colors  from  ono  end  to  the  other.  Itnt  if  wo 
take  the  light  from  ihc  snn,  or  fi'om  the  moon,  n  planet,  or 
any  ubjcct  illuminalod  by  the  sun,  we  shall  lind  the  spectrnm 
to  be  crowed  by  a  great  number  of  tine  dark  lines,  Allowing 
that  oerlAin  kinds  of  light  are  wanting.  It  is  now  known 
that  tho  particular  kinds  of  light  which  originally  liclunged 
ill  tlicsc  dikrk  linos  have  been  culM  onl  by  tlie  gaaea  surroimd* 
ing  the  sun  through  which  fJie  light  has  pocectl.  This  culling- 
otit  is  called  .<-/<yti(v  yl/\toi7)rion.  It  i»  found  by  experiment 
that  cacli  kind  of  gas  has  its  own  liking  for  light  of  pecnltar 
I.  16 
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degrees  of  vefraiigibility.  uim]  abeoriis  tbe  ligltt  wliich  belongs 
in  tliu  corrM^oiiding  ]mrl?  of  the  spectriiiii,  lettiug  nil  ilto 
orticr  li,:^)it  [m^i. 

l*oi-tuk|)s  we  iiiny  illiiMrate  tliis  process  )>;  »  timtlar  one 
wlitcU  wo  iiiiglit  iiiiu^iiif  inankiiid  to  perform.  Sii|ii>o«c  Nut* 
lire  elioiild  loan  ii»  nn  iii)inoiii«  collection  of  many  tnillion* 
of  gold  plocce,  out  of  wliivli  wi>  were  to  ecleet  thoee  uliidi 
u-oiild  turvu  118  for  iiiouey,  and  rcinni  her  the  rcinaindi-r. 
The  Eiiglitili  nmitnngc  tlimiijfli  tlie  [)ile,  and  \»vk  out  idl  llic 
{tiecee  wbich  arc  of  tlie  |»ix>pcr  weiglit  for  sovereigns  and  Imlf- 
sovereigns;  lliu  Fronuli  pick  ont  tliusu  wliidi  will  make  tivc. 
Ion,  twenty,  or  lifiy  fmnc  pieces:  tlie  Aniericnns  llic  one.  (i\e. 
ten,  and  twenty  d<i)lar  |>ieece.  and  eo  on.  After  all  tlie  suit- 
able piuL-UJ  aru  tliiifi  i^clcclL-d.  Ivt  tlic  remaining  miira  Int  spread 
out  on  lliti  gi'oitnd  acoiirdiii};  lo  llie  refi|>cctitc  weiglits  of  the 
pieces,  tlic  einatU'i^t  pieces  being  placed  in  a  row,  tite  itext  in 
weight  in  an  adjutniiig  i<ow,  and  i^u  on.  Wo  slinll  then  tind  a 
niiniber  of  rows  nii»siiig:  one  whiuh  the  French  liavo  taken 
lint  fur  tive-franc  piec&>:  clo^  to  it  another  which  the  Amer- 
ii-ans  havo  taken  for  dollars :  afteniardii  a  row  wliicli  have 
gone  for  half-«overcigiiN  iitid  ^l>  on.  Uy  tlins  arranging  lira 
pieces,  one  would  be  able  lo  tell  what  nations  had  called  o»-er 
the  pile,  if  ho  only  knew  of  what  wciglit  each  one  made  its 
coiiii^  The  gai«  ill  the  places  whcra  the  sovereigns  and  half- 
eovoreigns  belonged  would  indicitte  the  Kngti»h,  that  in  tlte 
dollais  and  eagles  the  Americans,  and  so  on.  If,  now.  we  re- 
flect how  utterly  hopeless  it  would  appear,  from  the  mere  ex* 
HTniuntion  of  the  misccllnncon^  pile  of  pieces  whivli  had  been 
Ifft.  to  ascertain  what  |ieople  had  been  Relecting  coin*  from  it, 
and  how  easy  the  problem  wonld  appenr  when  once  soino 
guniiis  should  make  the  proposed  arrangement  of  ihe  pieces 
in  rowH,  we  shall  see  in  what  the  fnndaTnenlal  idea  of  spec- 
trum analysis  consists.  The  formation  of  the  s|>eetrnm  is  tbe 
Bcparatton  and  arrangement  of  the  light  whicli  comes  from  an 
object  on  tlie  same  syslem  by  which  we  lia%-o  snpposed  tbe 
gold  pieces  to  be  arranged.  The  gnps  we  sec  in  ilio  sf>cctrnm 
tell  lite  talc  of  the  nlinosi'Iicro  through  which  the  Jiglit  liiu 
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jM&tici],  as  iti  (lie  rase  nf  tlic  coins  they  would  tell  wliat  nations 
l)ft(l  sorlL-d  iivtT  llif  [lile, 

Ttint  tliu  iliirk  linos  in  tlio  eolar  spcctrnm  arc  [>ickcd  ont  by 
the  goseB  uf  the-  »niiV  ntmimplieio  liaft  loii^  I)een  nurinised ;  in- 
deed, Sir  Jobn  IIuredic-1  »oenis  lu  liavu  ImJ  a  clear  idea  of 
the  poCMbitity  of  epcclnnn  unalysis  lialf  u  ccntnrv  ngu.  Tlio 
difBcnlty  wa^  to  liiul  wbat  |>ni'liculni-  linr»  nny  |iarticii1ar  fiiib- 
Elanc-o  si-letta;  eince,  to  exert  any  solcclivc  action,  a  vastly 
graatcr  tb!vlciic»  of  gas  is  •^'iii-mlly  tfijuireJ  thiui  it  is  jm-oc- 
tioable  to  obtain  cx]>crIiiK-ntiilly,  Tbia  ditticnlly  naA  eur- 
inoinitod  by  ilic  capital  disinivcry  of  Kii'cUliufF  and  iimisen, 
(A<i(  a  stoidtuj  yan  site*  out  nty$  iif  tfte  same  dtijrtx  of  r-frangibii' 
ily  ic/iich  il  absorbs  u'fien  ti-jht  posset  ihrouyh  it.  For  cxam[>le, 
if  wo  pnt  sunic  salt  Into  llio  flame  of  a  splrit-latnp,  and  us- 
antine  the  spectrum  uf  tlic  li^br,  we  eball  find  a  |>air  of  brigfat- 
low  lines,  wliich  correspond  most  aeenrately  to  a  jaiir  of 
k  lines  in  tlic  solar  i<']K-i;U-inn.  These  lines  arv  known  to 
be  due  to  Eodium,  a  component  of  common  iiali,  and  their  ex- 
istence ill  the  eotar  s]>ectiiini  elio^ra  tliat  tlicre  is  HOiliiim 
in  tlic  snn's  atinospbere.  Tbcy  arc  tbeivfore  culled  tbu  sudi- 
nm  lines.  Hy  vnporixlng  various  sulwtnnre^  in  «iiffieicntly  hot 
flatoe*,  tilt!  ^pcetm  of  a  (^(-nt  nnnilit>r  of  inclnls  and  pa^a 
hare  been  found.  Somctiniea  thore  are  only  one  or  two  bright 
lines,  while  with  iron  tho  nnmbcr  is  conntcd  by  biindrcde. 
Tlie  quantity  uf  a  substance  necfsaary  to  form  these  bright 
lines  is  eo  niinnte  that  the  pi-cscnce  of  Bomo  niolals  in  a  com- 
pound have  been  detected  vrith  the  spcetixiscopc  U'licr  it  vras 
iin|>U8sible  to  find  a  trace  of  them  in  any  other  way.  TiideE^d, 
two  or  ihiiee  new  metaU,  the  exielenco  of  which  was  before  en- 
tirely unknown,  fii-st  told  their  story  through  the  spectroscope. 

The  general  i-elatlonn  of  the  flpectrnni  to  the  state  of  the 
enbatanoe  from  which  the  light  emanated  may  be  condensed 
Into  tlirec  niles.  or  law's,  AS  follows: 

1,  The  light  from  a  glowing  solid, liquid,  or  non-transparent 
gas  fornw  a  continuous  speelruni,  in  which  neither  bright  nor 
dark  lines  are  fonnd.  Tbe  spcctiniin  '\»  of  the  name  nature,  ne 
matter  how  finely  tbe  enbclance  may  be  divided. 
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2.  If  the  liglit  from  tlie  j^lowln^  ftoIM  passen  Ihmu^t  a  fitkB- 
coiiii  ahiiosplicix?.  tlie  f]x'(.-tniiii  will  lio  eroMcd  bv  dark  liiiM 
occiip^'iiij;  tliiiMu  p»i1s  of  ilie  ei>cvtrLin)  wliei-c  llio  light  culled 
out  by  tlio  atriKispliei'o  belongs, 

3,  A  glowing  gas  iM.'ii(Ifi  uiit  light  of  tlie  fame  degrOM  of 
refmiigibilitv  iis  bcluiig  to  tliat  vthhh  it  Hli»<)rl»s,  so  tlmt  ft» 
«{)eutriim  (HJiisiiits  of  ft  syslom  of  bright  line.'.  o(.-c>i)>>iiig  tlw 
«iiiiie  jiiMittuii  »^  the  tlui'k  litics  it  wuiiM  |ii'iHliiLtu  by  nbsor^rfiou 

If,  then,  on  eMiiiiiiiiiig  the  »]ieutntiri  of  ft  Kinr  or  oritur  licav' 
enly  body,  we  fiiiJ  mily  bright  liiiai  with  ihirk  B)ia(.i.>s  betweeu 
tlicin,  wu  limy  vonchiOi*  that  thv  body  vun&ii^tfi  of  a  glowiiig 
gAs,  nnd  wc  judge  wlint  (lie  gas  is  by  voiiipiiriiig  the  e|ievtniin 
with  tlioBo  of  variuiiB  EiibstaDuoe  on  the  earth.  If,  on  tlie  otii- 
ur  liatid.  tho  it[>i-ctniiii  \»  u  col itiii nous  one,  vxci-]>t  wliviv  cixm*- 
ed  by  fine  dark  linoA,  we  conclude  that  it  emuiMt»  from  a 
glowing  body  snrroiinded  by  an  alinosplicrL-  which  ciilla  ont 
sonio  of  iho  raytt  uf  liglii. 

It  will  be  »ocn  rhat  tlie  8poclro«co)>u  gives  iig  no  definite  in- 
formation refliJcMiiig  the  nature  or  (■mn  posit  ion  of  bodio  in 
(lu!  Rilid  ittale.  If  we  hoHt  any  niort  of  metal  wliile-hot,  etijv 
po»ing  only  tlmt  it  will  Mand  this  heat  withont  being  va[«r- 
iwid,  wo  slinll  have  a  epeetriiin  eoiitinnouB  fi-riiii  i'lid  to  end,  in 
which  ilicro  will  bu  ncillii-r  bright  nor  dark  lines  to  give  any 
indications  resfwctiiig  the  snbstanee.  In  order,  thei-oforo,  10 
detect  the  pre^nue  of  any  chemical  element  with  thiH  inglni- 
mciit,  tlmt  ulcniciit  inntit  W--  in  tlio  form  of  gns  or  va|xir.  Here 
wc  have  one  limitation  to  the  application  of  the  (i{>cctroeco[ia 
to  the  celestial  bodice.  The  tendency  of  bndiea  in  upacc  in  to 
cool  off,  and  when  they  liavc  once  become  fo  cool  as  to  solidi- 
fy, the  instninient  in  qne»lion  can  give  ns  no  fnrllicr  dcfitlita 
information  rcapccling  their  constitution. 

Even  if  the  body  be  in  tlie  gau^otis  stale,  wo  cannot  always 
(■ely  on  the  niiectroscoiie  informing  uk  with  certainly  of  tlio 
uatnru  of  tho  gas.  The  light  wo  analyze  must  either  be  emi^ 
ted  by  the  ga»i,  the  latter  being  6o  hut  its  to  tlnnu  by  it«  own 
light,  or  it  must  1)0  tranamittod  tlii-ongh  it.  Tlnu,  Oie  appli- 
cation of  spectrum  analysis  is  vouiincd  to  glowing  gases  and 
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tliv  alinosiJicrcB  of  tlic  6lni«aii<]  plunctv,  tlio  fi|>plienti(>ii  to  tlifl 
latter  depending  on  llie  fnu-t  tltnt  the  snnli^iil  I'eflectcil  from 
tli«  turtoAXoi  tlu]  jilaiit't  |>a860s  twiiiu  lln-uiigli  its  BtniuspticrL-. 
Even  in  iIicm  ciim.-«  the  intviprclntitrn  of  its  tcftiille  ii  «tiineti nit's 
rendered  difiiciilt  in  <:oiisec[neiiL-e  of  the  xai-ied  B|tcctniin  of  iho 
•anii^  <n»  at  difTurent  Wnipcratun.-)i  Hiitl  iindL-r  diffcivtit  degiecA 
of  {irtsMure.  L'lider  some  uoiiditiuntt  m  itmnv  new  lined  aiv 
intrudtiucd  into  tho  spectrum  of  hydro^u  that  it  uin  lianJlv 
bu  I'uCDgiiizud.  A«  a  (;L-niTal  ride,  the  •fruiter  thu  pix-Miiri',  the 
grcnter  the  iininber  of  hnea  which  njipear ;  iiidwd,  it  liaii  been 
found  by  Lockyvr  and  Frankland  time  as  the  ]ire^ure  and  den- 
sity of  n  gus  are  invi>cft»ed,  its  itpcctnnn  tend^  to  becotnu  coii- 
tiuuona.  We  niiiiit  ihei-cfore  regard  tho  tliird  of  the  ttho\~e 
ridee  i'e»pccting  spectrum  analysis,  or,  ratiier,tho  general  rule 
tliat  B  glowin*;  ^^  K'^'^  ^  (^[JL-ctruni  of  bright  Hno^.  nt  not  niii- 
verwlly  Inw.  If  we  could. by  artiticially  varying  the  lenijici'- 
fttnro,pree6iire,and  coinpoMtion  of  gases,  nvcnmtely  re|>rodiU|B 
the  epectrnni  of  a  (.'vle»tiul  body,  the  changis  ui  the  »]>c<.-1rntn 
which  we  have  mentioned  wonid  be  a  positive  advantage; 
diiioe  they  wonld  enable  m  to  determine,  not  merely  the  uom- 
]HKitiou  of  a  gaacoii«  body,  but  its  ioin|iei'utin'e  and  prcuniv. 
This  ii,  however,  a  field  in  which  (iicoess  lias  not  yet  been 
reii<-Itcd. 

Tliere  is  still  another  circninstnnco  which  renders  the  spoo 
(ra  of  the  lienvenly  bodies  more  complex  than  wrh  at  fii-at  sii|>- 
pOMil,  but  which  may,  by  this  very  complexity,  enable  na  to 
make  great  adiaiiues  in  onr  knowledge  of  the  pliysiinil  eonMi- 
tulion  of  tlic  Sim  and  stars.  It  is  that  the  two  classes  of  S[>ee- 
ira  jii»t  deecribect — namely,  (I)  a  continncus  epec-tnun  ei-ossci] 
by  dark  lines,  and  (2)  a  speutnim  compoeed  wholly  of  bright 
litioe — aix>  only  two  extreme  ca«eit,  and  that  in  immy  cases 
llicy  arc  combined  in  very  different  proportions.  If  a  white- 
liot  body  is  composed  of  a  glowing  alnioxphcrc,  the  hotter 
snbetancee  of  this  atmosphoi'C  may  »how  bright  lines,  while 
tlic  cooler  sub»taiiceft  may  absorb  dark  lines  from  tlio  light 
emitted  by  the  hot  body  below.  Thus,  we  may  Imvo  bright 
lines,  dark  linos,  and  stiips  of  conlimtoiis  fpcetrum  all  mixed 


SS6 


PSACTICJL  JSTROXOSIT. 


ay>  in  sncb  n  way  that  it  may  bo  hard  to  interpi«t  what 
si-cit.  The  OifHciiUy  ic  to  kiiuw  whutlior  a  tiarrow,  dork  eftuoa 
is  ])i'udiiccd  by  tlie  ataoriitJoii  «f  n  gas,  or  wliether  it  »  simply 
an  interval  lietwocn  two  bright  gaeooiia  lines;  and  wlicthcr  a 
tiarmw,  bi'ight  gpauo  is  ]irodiiwd  by  a  glowing  gas,  or  whctliDr 
it  »  m  small  Bti'i[i  uf  i:oiiliiiiioii»  ti|>ectrum  from  a  jjJowing  solid 
between  two  abBorptioii  bands.  Wo  have  a  niixed-uj>  spec- 
Iniin  of  this  kind  in  tlio  IJoHsomur  fiiniHuc.  Tlio  ditliculty  b 
increased  l»y  llio  fntrt  tlial  the  dark  jjorttons  culled  out  by  tlMS 
abeoi-ption  of  the  cooler  gaocs  arc  not  always  fine  perfectly 
dark  lines,  Uu  in  many  ca«;8  aro  broad,  grayish  bands.  It  is, 
indijcd,  ))o»tiblo  that  tlicac  bandi«  inny  be  made  np  of  gn>u|)s 
of  line  lines,  too  oloso  to  bo  separately  seen;  but  so  long  as  the 
EOimratc  lines  caimot  be  distinguished,  this  qucetiou  must  bo 
undecided. 

Until  very  lately,  it  was  always  supposed  that  the  sjiectnnu 
of  tlie  light  of  the  sun,  so  far  as  it  could  bo  analyzed,  was 
continnoiis  from  end  to  ritd,  except  where  dark  nb«uq>lion 
lines  crossed  it.  A  remarkable  nddilion  to  this  theory  liiw, 
however,  been  made  by  Profefesor  Henry  Di-aper,  of  New 
York,  the  main  point  of  the  addition  being  tlitit  ihu  epcctnita 
is  crossed  by  the  briglit  lincii  and  bunds  arising  fmui  glowing 
gases,  and  tliat  Ihciio  lines  admit  of  being  reccgnii-ed  in  oer- 
taJn  parts  of  tJic  spectrum  if  the  proper  sti>pe  are  taken  to 
bi-ing  them  out.  TImt  bright  lines  mi^^it  well  exist  tn  the 
Bl>eetrnin  no  one  would  deny,  becatise  the  gases  of  the  ehro- 
moaphcie  must  produce  them.  But  Mr.  Lotkycr  was  the  only 
investigator  who  had  attempted  to  show  tliat  sul-Ii  lines  conld 
really  be  seen,  nnd  hi--*  observations  hnd  been  lery  generally 
oveihioked.  Dr.  Draper's  course  was  to  pliotograifh  side  by 
side  the  solur  s]>cctnnn  bclwccn  the  lines  G  nnd  11,  and  the 
oorrotponding  part  of  the  spectrum  of  oxygen  rendered  lumi- 
nous by  the  electric  spark.  The  n38nlt  is  tliat  out  o£  thirleea 
bright  lines  of  oxygen,  some  of  tlivin  double  Or  treble,  newly 
all  have  corresponding  lines  in  the  solar  spectrum.  The  Co 
incidence  is  so  striking  that  it  seems  hardly  possible  to  avoid 
the  conclusion  that  n  considerable  part  of  the  violet  light 
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the  son's  spcctrnm  arieee  from  flowing  oxrgcii  in  tlie  plioio- 
sphere.  Ittit  the  bf»t  anttioriiic«  »till  diffui-  u  to  tliu  intor- 
prelAtion  to  Uo  put  upon  iIk-^  eoiiiddeiioes. 

Wbftt  gives  es{tccinl  inicreftt  to  ttiU  iiivefltigKtJoii  bv  Dr. 
Draper  is  tliat  it  affords  t)ie  iit^t  evidciiuu  wliidi  ecictiue  Iim 
found  of  tlio  oxistuuco  of  oxvgvii  in  tlto  mm,  the  dark  liiin<i 
which  would  bo  produced  l>y  that  itirlj»(«iiC30  fuiving  lH>cn 
looked  for  in  vain.  It  would  eeum  pillier  that  tlte  cajiaoitv  of 
oxygen  for  ab£orbirig  light  st-leutivcly  is  very  small,  or  that  it 
exists  ill  the  snn  oiily  at  n  rei-y  liij^b  tcinporatnre. 

Tlie  reaeun  why  tfieso  liiica  are  hrouglit  out  here  when  thev 
lire  not  found  in  otlicr  [lEirl!'  of  the  »|>eeli'iiiii  is  to  be  found 
in  the  entrenie  fnintiiees  of  iho  violet  part  of  tlie  oontiimous 
qwctrum,  wiieivby  tlio  bright  lines  are  not  obeciirod  by  tlie 
dtzzliiii^  bi'illitnoy  of  the  bH>.-k^i-onud  of  ooiitinuous  spculrum. 
If  it  l>e  oaked  why  theao  brii^lit  lines  have  not  been  noticed 
before,  tho  answer  is,  that  the  dark  linos  ai-o  hoiv  so  broad 
and  numerous  as  to  out  »[*  thu  (rontiiiuoiis  s]>eutniiii  into  %vi-y 
nwTOW  linea  of  very  irregular  biightnecs,  Iwsideii  whiuh  ab* 
sorption  bands  or  half  sliadcs  ai'u  nnmurous.  Again,  tlie  lituw 
of  oxygon  do  not  appear  to  be  so  narrow  and  sharply  defiiie<i 
as  those  of  the  meiallie  vapors,  and  this  mnkes  it  moi«  diffi- 
cult to  diuinguioh  them  from  ^pace^  between  the  dark  Iiniidf. 

The  reader  now  undm-etundie  tliat  when  the  liglit  from  a  ee- 
lestial  object  is  analyzed  by  tlie  prism,  and  the  eoinponunl  col- 
on are  spread  out  singly  as  un  a  aheet,  tht?  dark  and  liright 
linos  wliieli  wo  sec  are  the  lottui-s  of  iho  opi-n  hook  whidi  wc 
uti  to  Interpret  so  as  to  leani  what  llicy  tell  us  of  tlie  body 
fmin  wliid)  the  light  came,  or  the  vapoiii  throtijrh  which  it 
l>asficd.  When  wo  see  a  lino  or  a  eet  of  lines  which  wo  rec- 
ogniso  as  prudnccd  by  a  known  substance,  wo  infer  thu  pivs- 
ccK^e  of  that  substance.  Tlie  question  inny  now  be  Ai>ked,  How 
do  wo  know  but  that  the  line*  wo  observe  may  be  prudiicx-d 
by  othoi'  Eubslauecs  besides  tlio#c  which  wc  Hnd  to  pvodiico 
ibem  in  our  lnl>iii'atonei'  t  May  not  tlie  eaiho  lines  be  pro- 
duoc^l  by  diifei«iit  substances  f  Tliis  <]iio#tioii  can  bo  an- 
swered only  by  an  apiical  to  probabilities.    The  evidence  in 
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the  case  is  much  tlic  Bame  as  llint  b_r  uliicli^recognieing  the 
picture  of  a  fiiciKi.wc  coiivlmJu  lliat  it  !«  iiwl  tlie  picttiro  of 
any  one  die.  For  aiivtluug  we  can  prove  to  the  contrary, 
snotlier  person  niiglit  linve  oxovtly  the  eaiue  feattiros,  and 
mtglit,  tlicrcfuif,  imikc  iltu  tory  Mine  pivtuiv.  But, as  a  mat- 
ter of  fact,  wo  know  tlint  prnetically  no  two  men  wlion)  we 
liava  ever  8een  do  look  exactly  alike,  and  it  is  oxtratncly  im- 
probablo  that  tliey  wcr  wonid  look  eo.  Tlic-  ciiic  h  tliu  sutno 
in  Hpocttnm  analyms.  Among  the  great  nnniher  of  suliiAtniK 
wliiuh  have  been  examined  with  thu  sjioctroscope,  no  two  gi^ 
the  tame  lines.  It  iA  lht;rufuro  cxtrmnely  iniprohahlo  that 
given  •ystem  of  bright  lines  conid  1«  produced  by  more  than 
one  Enhslanee.  At  tliu  same  time,  tlio  evidence  of  the  spec- 
troscojw  is  not  ncce^arily  conclusive  in  all  cases.  SIkiiiUI 
only  a  single  line  of  a  suhalance  he  found  in  ttio  ti))evlrutu  of 
a  star  or  nebuin,  it  woitM  hardly  he  safe  to  conclude  from  that 
alone  that  tlie  lino  was  iviiily  produced  by  the  known  sab- 
stance.  Collateral  evidence  might,  however,  oomo  in.  If  llie 
game  line  were  fonnd  lioth  in  the  tinnliglic  luid  in  that  of  sj 
great  number  of  stais,  we  should  be  justified  in  concliidiiij 
that  the  lines  were  all  produced  by  the  same  substauue.  All 
we  can  say  in  donbtfnl  cnse»  i*,  that  onr  eonc1ii$iun«  nmet  bo 
drawn  with  care  and  diBcrinii]intion,aud  mu»t  accord  with  tlw 
probabilities  of  each  special  case. 
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OEtTBRAL  STRUCTCBK  Or    TBE  eOLAR  0T8TEU. 

nAvi!«>,  in  tlic  praccding  [lai-ts,  (Ici)cril)ed  tlic  general  strnct 

jure  of  tiiv  iinivciM.*,  mid  tlic  iiictJiutlii  \\w\  by  astroiioinurs  id 

I  incAstiriiig  tli«  1k«vcii«  mid  iiivcstii^itiiig  iliv  wlvtttial  motions, 

we  liAVc  next  to  tronsiJer  in  detail  tlie  »o]inmtc  l)odt€S  wliioh 

ooiiipottc  llm  iiiiivi.-i-M.%  and  to  trauu  lliu  coiidiisiuns  i'L>B[>c'cting 

'  tliu  general  order  of  creation  to  wliiuh  tlii»  cxmainnriuii  niajr 

[lekd  na.    Oiii-  natnral  cour&e  will  be  to  be^n  wiib  a  general 

'  d«6c-ription  of  thv  eular  eyetcin  to  wliicli  our  cartli  bclongft, 

oonsidfi'iiiii:,  tirat,  tbu  ^leat  euntntl  body  of  tii&t  ttyfitciii,  then 

tliu  {tUitcts  in  tlicir  oi'dur.  und,  Isfttlr,  enuli  irrvgtilnr  bodice  as 

ootoelB  and  ineteoi'^ 

I  Wo  liavc  slioirn  in  tbo  fii-st  ))art  that  the  solar  Ryoten)  waa 
foitiid  by  CojieniiviDi,  Kvpler,  and  Xcwton  lu  consist  of  the 
fiuii,  as  rlie  grcftt  central  body,  with  u  ntnnber  of  )iluiiel)t  re- 
volving arotind  it  in  ellij^cs,  having  the  eun  in  one  of  their 
'  foci ;  Wk  wholu  being  boiitid  logvtbcr  by  tho  law  of  nnivcreai 
gravitation.  Modern  »cienco  ban  midud  a  git-At  number  of 
bodies,  and  aliown  the  system  to  be  a  mnch  more  complex  one 
than  Xewton  euppoec-d.  As  wo  now  know  thoiii,  tho  bodies 
vf  iliu  «j->lurn  may  be  clasitilicd  m  follows : 
1,  The  enn,  tlie  great  central  body ; 

S.  A  gronp  of  four  inner  planets  —  Morcurj',  Vonup,  tlie 
Eartli,  Mid  lii«i« ; 

S.  Aawarm  of  small  planets  or  asteroids  revolving  ontsida 
'  Um  orbit  of  Mare  (abont  220  of  them  ara  now  known) ; 
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Tbe  migo  of  »!»>,  dielaiicv,  iin<)  man  uinong  tlio  bodies  of 
titc  ti\-&tcni  is  ctiornions.  Xo]>tiiri«  m  ciglilv  tinieit  tiA  fur  from 
the  &UI1  ss  Mcrciirv,  ati<l  JiipitiT  foveml  tboiiBaiiil  times  aa 
lioavy.  It  its  llicrafore,  dttlii,:iiU  to  Ia)*  down  a  mft|>  of  the 
wliolo  system  on  tlio  same  smle.  If  tlie  orbit  of  Mcrinirr  wcra 
repreeotitcd  witb  a  diamotvr  of  odd- foil rt It  of  aii  iiil-Ii,  tlint  of 
No)>ttiti«  would  Ii»vc  a  diniiictcr  of  20  iiivlie^. 

With  the  esoe|)tioii  of  Xeptnne,  the  distAtii-os  of  the  eight 
major  plsncts  pnx^ccd  in  a  tolerably  n-^tlm'  j>rogrvg»ioii,  tlie 
up  of  imal)  ]>laiict8  inking  the  ])1iu.-u  of  n  #>iiiglo  {tlmiet  in 
the  feries.  Tbe  pivgreesioii  is  knon-n  as  the  law  of  Titiiie, 
fixviii  its  lirEt  propoeer, and  is  as  follows:  Taku  the  scries  of 
numltcn  0,  .t,  n,  IS,  24,  48,  ciich  one  after  tbe  second  boing 
■formed  by  doiiblinjf  tlie  one  which  precedes  it.  Add  4  to 
each  of  Ihcee  nnni1>erB,  and  we  shall  have  a  scries  of  tiiimbcn 
giving  very  nearly  tbe  r^latJvo  dtslancvx  of  the  planets  from 
the  »«n.  The  following  table  shows  the  series  of  numbers  thus 
formed,  together  witb  the  actual  distances  of  the  planets  ex- 
irossed  on  the  some  Mslo,tlie  distance  of  tbo  earth  being 
called  10: 


Kgro 


Mctriir}' 

Voniia.,..., 

Ennli 

VUn- 

lliiior  planeu. 
Jiipiccr . 


t^aliitn ».. 

Utaniis. ..„ 

Xapluiie. 


NnidHi  nrtlUo. 


0  +  *  = 

6  +  4  = 

18  +  *  = 

!it  +4  = 

48  +  1  = 

UC  +  4  =  100 
1113  +  4  =  iim; 
S^  +  4  -  8118 


4 

7 

1« 

ID 

n 

1>S 


inaiirnnnu. 


S.9 

T.3 

10.0 

i:.,2 

SDla»S 

lUl.H 
SOU.<> 


It  will  bo  soon  that  before  the  discovery  of  Xeptiine  the 

'sgrecment  was  so  close  as  to  suggest  thw  existence  ntan  actnal 

Uw  of  the  distances.     But  t]io  discovery  of  this  planet  in  1846 

Completely  disproved  the  supposed  law ;  and  there  is  now  no 

TtMOn  to  t)eheve  that  the  proportions  of  the  solar  sysloni  are 

Btbo  result  of  any  exact  and  simple  law  whatever.     It  ts  truo 

that  many  ingenious  iKioplc  employ  tliemselvee  from  time  to 

lime  in  working  out  iinmerieal  relations  between  tbo  distances 

lof  tbe  planets,  their  masses,  tboir  times  of  rotation,  and  so  on, 
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Biul  will  pi-obablj-  contitiiiv  to  do  so;  I>i-caii60  tlio  nambor  of 
liiK'li  relutiiiiie  wliidi  van  lie  Hindu  to  coiiiv  eoiiiuwlicro  tionrto 
exttct  iiumliem  is  very  gi'cat  Tliia,  however, dooe  not  indiuatB 
aiiv  Inw  uf  iiutiirc.  If  wu  tnko  forty  or  fifty  niimboi's  uf  uuy 
kind— say  llie  yoai*  in  wliiuli  a  few  {lui'^iis  were  Imrii;  iherr 
ages  in  yeai-^  uiontlis,  and  days  at  some  ]mrticular  event  in 
tliL-ir  liviit;  till-  iiniiil)(.T»  of  tlio  liuuscs  tti  wliiult  ihcy  live ;  and 
BO  on — \re  Hlioiild  lind  oa  niiiny  cuiioiifl  rclalions  among  the 
uumbcre  as  liave  ever  Iitoh  found  among  those  of  the  planct- 
nry  fv^toni.  Iiidi'ed,«iiu1i  ix^Iiition»ainoni;llioyi-ni-»of  I  lie  livM 
of  great  actoi^  in  the  workiV  hislory  will  lie  remembered  by 
many  n-adore  as  occurring  now  and  tlicn  in  thu  imblic  jonmaU. 
Kaiir/r:  of  Pluuetiiri/  iliitati. — Tlie  /jical  diversity  of  the  use 
and  niasn  nf  llie  {danete^  it)  ehoivn  by  llie  curions  fact,  that,  con- 
gidering  the  eiin  nnd  tlio  eight  planuts,  the  mnss  of  catli  of  tJic 
nine  bodies  cxeced*  the  eoinbiiied  maMt  of  all  tho»c  whit-li  iirc 
«miiUer  than  itself.  This  is  shown  in  lliu  following  ftimplc  caI- 
cnlatioD.  Snppuao  tlie  enn  to  l>e  divided  into  a  llionwtnd  mill* 
ions  of  oqnid  parts,  one  of  widtli  yuru  we  take  as  the  unit  of 
weiglil:  tlutn,  acTOi'din;r  to  the  bwtt  dctenni nation «  yet  iiuidu. 
the  inase  of  eadi  planet  will  be  that  nwd  in  the  following  cnl- 
(idntion.in  wliidi  each  mass  is  added  to  t)iu  m(u«ee  of  all  tlio 
platiets  wliieli  ai-e  »tnia11er  llian  itnelf,  the  plitnel«  being  lukeu 
ill  the  order  of  their  niaisCH,  bediming  with  the  muidlent : 

Mam  of  Mtrcni;. »■.• _....  XOO 

MnuofMari , „.,.  SHU 

Comliincil  mnsa  of  Moreurj-  and  Mnt* B89 

Mn»or  Venue , *,S:'iH 

Cotnlilncd  mnsi  nf  MoKnrv.  Vcniu,  and  Mnra.. „ !i.t<lll 

Mil"  of  iliB  Eiirtli .', a.OjIO 

OomlilnnI  ninu  of  ilio  four  inner  jrlniioia. (i.llAa 

Miim  of  UmiKH 4*.  850 

('onil>iii(-d  iiiHMt  of  lire  iilnneu. „ (10,909 

Hnu  of  N(i]ituna lA.Qtn 

Conihincd  inn»  ofux  iilnnou _..,„_ „....      101,009 

Mow  of  Solum „ „ „ Mfi.seO 

Comblnod  mnii  of  Mvm  jJnnDti 887,il99 

MnuofJupi(«r „ _nM.90a 

Ci>iiililn«d  maMof  nil  ilio  plnneu...^ , I,MI,8ST 

MuiodheHfi „ i,noo,oon,ooo 
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It  will  bewteti  that  tlio  cuiiiliitic<i  iiiam  of  «!!  tlio  pkiietb  is 
than  jiv  that  of  tliv  mn ;  tlmt  Jupiter  U  bciwccti  two  atid 
itlitvo  times  B«  liCKv^-  iM  the  otiici'  ecvpn  platicl*  tu0Ol)ii'r;  Sat- 
ni'ii  more  tlinn  Iwiuc  aa  heavy  ns  tlie  otiier  sis ;  and  so  on. 

.li/iRcXs  of'tAf  Plaritlf.—^TliK  ap|ian)iit  inutluiiii  uf  tlic  plan* 
eiH  lire  (lucrilHKl  in  the  llrU  c-Uai>tui-  uf  l1ii«  n'ui-k :  and  in  tlie 
wtTKiid  diapter  it  is  shown  liow  rheiw  appai'ent  motions  i-ediilt 
fruin  tilt)  rval  inutiuns  as  laid  down  hy  Cuiiernicns.  The  best 
me  to  Ke  ono  of  tlto  oiitoi-  plauuU  \*  when  in  opposition  to 
tlic  &nn.  It  then  i-iMs  at  smiset,  and  pa!e«A  iIir  meridian  at 
midnight.  Hctwtiun  ^iiikBct  and  midnight  it  will  ho  teen  eonte- 
wliciw  between  ea»t  and  Huiiih.  During  the  ihnns  months  fol- 
lowing the  day  of  ojipu^iition,  the  phitiot  will  r'n^  fi-oni  iliree 
'lOfiix  ininiitee  earlier  everyday,  A  inoiilh  after  ojiposilion,  it 
will  lie  two  tu  three  hours  high  »oon  after  sunset,  and  will  pasa 
the  meridian  between  nine  and  ten  oVloek  at  iiii-ht;  ^hilo 
(hruo  months  after  oppusition,  it  will  be  on  the  moridian  about 
lix  ill  llio  evening.  Ileiiuv,  knowing  when  u  planet  U  in  op- 
pMitioli,  H  upet'lator  will  know  pretty  nearly  where  to  look  for 
it.  Ilia  search  will  be  farililaled  by  the  iiae  of  a  alar  map 
u>wiii2  Iho  ]M»ition  of  the  crliptle  among  the  i;tai-s,  becumso 
llio  planets  are  always  very  tioar  the  euliptif.  Indt-cd,  if  any 
Urigiit  star  is  not  down  on  the  map,  he  may  fuel  mm  that  it  id 
a  plunvt. 

In  desciibing  the  individnal  planets,  wc  give  the  times  wheii 
tituy  are  in  op]>ositioii.ito  that  the  reader  may  alwaj-A  be  able 
tu  rctvi^iizc  them  at  favorable  seasons,  if  he  wishes  to  do  to. 

The  an-angemont  of  the  planets,  with  their  satellites,  is  aa 
follon-n : 


lava  Owatir.  ■  ■  ■ 


Orm  OwiT  or 


Moreiity. 

Venn*. 

Kni'ili,  oiih  iu  mnon. 

Mnn,  *ltli  2  mofini. 

T1i«  minor  iilnncti,  ur  nitcroidik. 

Jii)iltar,  will)  4  moont. 
HHiiirn.  ulili  ring!  nnd  8  moont. 
Urnniu,  "iih  4  mooni. 
NoiiiDiio,  tvlth  I  moon. 
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Tliia  ari-aiigeraeut  ie  parti/  exhibited  in  tho  following  plan 
of  the  Bolar  aystem,  showing  the  relatioae  of  the  planetary  or- 
bits from  the  earth  ontward.  The  ecslo  is  too  small  to  show 
tlio  orliitB  of  Mercury  and  Venus. 


j^ot  TTriBBt 


Fio.  tii— UrblK  ut  ibc  [ihiiiela  from  Ike  c:irlh  ouln-arcl.  ehoiriDj;  Ibelr  relnllve  dlitancci 
from  the  KDii  III  ibe  ceuuit.  Tbc  poillioua  ul  tbe  iilnnoU  oie  ncu  tboM  wUcb  tbcjr  o^ 
anpy  In  IBiT. 


TBS  FEOTOSFBEBS. 


onAPTER  ir. 


THE  iVH. 


Tub  mn  presents  to  oai-  i-iew  the  as^ieot  nf  a  brillinnt  »lo1>o 
82',  or  a  little  mom  tlmn  half  a  degree,  in  diainolcr.  To  give 
oJEiuii  to  uiir  Uiigunge,  liie  i^liiniiig  enrfucii  of  tins  glubo, 
rliidi  \re  see  with  Uie  eye  or  nntli  tlie  teleecojte,  and  wliicli 
'forniB  tbo  visible  uiii,  is  c-.ullvd  lh«  jJiotofpherr.  Its  li^lit  ex- 
ceeds in  intensity  avy  tlntt  van  lie  i^rodw^d  bv  nrtiliciftl 
^Bnc«ii8,  tlie  electnc  light  between  chai'coni  |K)iiits  lieing  tlie 
only  one  wbtvli  dues  not  look  absolutely  blnek  agniii^t  tlio  tin- 
detidcd  Biin.  Our  knowledge  of  the  iiatniv  of  tlii*  Ininiimry 
^■conitiiences  with  tlie  invention  of  tbe  telescope,  sim-e  without 
thia  instrument  it  was  inipo^sibiu  to  form  any  eonecption  of 
its  oomtitntion.  Tliv  aiicJciilfi  had  a  vague  idea  that  it  woe  a 
l^obc  of  tii-e,  utid  in  tlii«  tbev  wcix;  more  nearly  right  than 
Mine  of  tlie  nioderna ;  but  there  wiu  «o  entire  au  absence  of 

I  all  real  foundation  for  their  opinions  that  the  latter  are  of  lit- 
tlo  iiitonxt  to  any  one  but  tbo  historian  of  philosophy.  Wo 
■ball,  llipreforu,  eummoncu  our  dcevnption  of  the  Him  witli  & 
poiisideration  of  the  telescopic  researcliea  of  recent  times, 
g  1.  The  Photoaphen  and  Solar  Radiation. 
To  tlie  naked  eye  tlie  photosphere,  or  sliining  »nrfneo  of  tho 
■an,  presents  an  aspect  of  such  entim  nnifotTnity  that  any  at- 
tctupt  to  gain  an  insight  into  its  structure  seems  IioiwIpm. 
Cut  when  we  K])ply  a,  te1e»co|)C,  we  generally  find  it  divci>iticd 
with  one  or  more  gronj^  of  dark-looking  &)>ots ;  and  if  the  vis- 
ion is  good,  and  we  look  carefully,  we  »ball  eoon  see  that  the 
wliulc  bright  stirfacu  privenCe  u  niottlud  uppcaiHiice,  looking 
like  a  fluid  in  which  ill-detiucd  ric-e-graiiis  are  suspended.  Pei^ 
lupe  the  most  familiar  idea  of  this  uppcHi-ancc  will  ho  pre- 
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sentcd  l>v  Mining  tlint  tlie  »\m  looks  like  a  plnte  of  i-loo  Bouf^ 
Uie  gi'nius  of  Hue,  however,  being  really  liiiiKlrc(U  of  inik's  in 
kligUi.  SoitiKVoai*  ago  Mr.  Nasinytli.of  Eti^laiitl.exRiiiiiiing 
tlio  Sim  witli  high  telc-icopiu  ]>owt;rs,  nntiouiiULtl  that  this  tnot- 
tlctl  appearance  seemed  lo  him  to  lie  produced  h_v  the  iiitor- 
laeing  of  loiig,  iinrruu-  ohjects  Bha[it!d  like  willow  lejivcs,  which, 
riuiniiig  and  vi-oisiiig  iit  all  dii-cctiutis,  fumi  a  nel-work,  eover 
ing  the  entire  photosphere.  This  view,  ihoiii^li  it  has  iH.-coiue 
celebrated  tlii-ough  the  very  gi-eat  care  which  Mr.  NMiiiytli 
devoted  to  his  <>bservalioii8,  has  not  been  eontirraed  hy  Biibfie- 
qiieiit  obscrvora. 

Among  iho  mo^t  careful  and  latwrious  telescopic  »tiidie»  of 
the  sun  recently  made  mv  thoftu  of  Prufceeor  I^iigley.*^  Uo 
has  n  tine  telesco()e  at  his  connimn<1,  in  a  Kttiiatiun  wtiei-c  the 
itir  seems  to  ho  less  distnrbed  by  the  snn's  my*  tlian  is  ueital 
ill  other  localities.  Aeoordiiig  to  his  ohBervalions,  when  the 
Gnn  is  carefully  examined,  the  mottling  which  we  have  de- 
eeribcd  is  seen  to  be  caused  by  an  appi-aranvo  like  fleecy 
cloiidj  whose  ontlinoa  are  nearly  indistinguishable.  We  may 
&hu  di«ccru  nunicruus  faint  dots  on  the  white  background. 
Under  high  powers,  nsed  tii  favorable  momvntfi,  the  surface 
of  any  one  of  the  fleecy  patehcs  is  resolved  into  a  eongcricK 
of  Hmnll,  intensely  brljjht  bodies,  irregnlarly  distribnted,  whicli 
seem  to  he  euapended  in  a  comparatively  dark  mcdinm,  and 
whose  dcflnitcncee  of  sixe  and  oiillinc,  tliongli  not  abfolute.  it 
yet  striking,  by  contract  with  the  vaguenciis  of  the  cloud-like 
fornig  Been  before,  and  which  we  now  perceive  to  be  dne  lo 
their  nggregatiou.  The  "dots"  seen  before  arc  considerable 
openings  caused  by  the  al}»enee  of  the  while  nodules  at  cer- 
tain points,  and  the  eoneeqnent  cxposnre  of  the  gray  medium 
which  forms  tlio  general  background.  Tlieso  openingii  liavo 
been  calle<l  pores.  Tlieii-  variety  of  sisc  inaUes  any  mifisiirv- 
mentft  nearly  valueless,  tliongh  we  may  estimate  in  a  very 
roRgli  way  iho  diameter  of  the  more  conspicuous  at  from  2" 
to  4". 

■  Prataior  8.  P.  LMglt?,  Dliecior  of  iha  Obienatory  u  A1IvIim;^i  Pepnijl- 
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In  inotneutE  when  the  definition  is  very  fine,  the  hn^xt  nod- 
alee  or  rico-graine  si'C  funud  to  bo  mjtOe  up  uf  uliitturs  uf  nii- 
nntc  poitilt  uf  light  or"gmnti1(«,"  kbuut  uiiolhirilof  «  MKvnd 
in  diameter.  These  have  alM>  been  seen  Ri'oiiiid  the  ed;^ce  of 
tlie  pores  by  Sccthi,  who  cstinmtcd  ihoir  inaguitiidu  as  ov«ii 
l«m  than  that  Mi«tgii<-d  by  I^nglvy.  The  fnut  thnt  these  iHiints 
KTO  tggregnted  into  httle  cliistei's,  wliicii  oi'diitarily  present  the 
appeBnuH»  of  rice-grains,  givce  Uie  latter  a  coi-tain  irrcgiilui-i- 
ty  of  outline  wliicli  has  been  rcmitrked  by  Mr.  Hnj^iins.  Tliita, 
there  ap[)eRr  to  be  three  ordere  of  n^i-egation  in  ihe  brighter 
r^oiis  of  the  [Jtotoephoro :  cloud-like  forius  wliiuh  <^^an  be 
easily  aeen  at  nny  time;  rioe-grains  or  nodules, into  uhtuh  these 
forifui  are  i-eeuKed,  and  whiuii  van  always  be  seen  with  a  fair 
telescope  under  good  definition;  and  granules  which  luaku  up 
tlio  riee-<;^iii».  Tlicrc  i»,  however,  no  sharp  distinction  to  be 
drawn  betiroen  tlie  nodnles  and  Ihe  riee-graiiiB :  it  mi^^ht  bo 
almost  as  near  the  truth  to  say  llint  the  rice-gmiiis  si-c  of  va- 
rions  iSzK*.  ranging  from  oniMhird  of  a  second  in  dianiutor  to 
one  MMXtiid  or  moi-e,  and  that  the  smnller  one*  iii-o  often  col- 
lected into  ininiito  elustere,  which  can  liai-dly  be  dislingniahed 
&oin  grains  of  larger  size. 

Yet  more  recent  are  the  stndies  of  the  sini's  surface  mndo 
by  Janwen,*  of  France,  with  the  aid  of  pliotngmphy.  This 
ntcthod  lias  a  great  adiantago  in  the  strength  and  jicrma- 
nency  of  tlie  photogrnphic  record,  and  the  consequent  [rawer 
of  studying  it  at  leiani«.  A  diudi-antagc  arises  from  the 
great  f6e  of  astronomical  observation  vrliidi  wc  Iinvo  nhx-acly 
described  —  atniusphcnc  undulations,  which  render  the  snn's 
imago  trcnniloiia  and  oonfn»cd  except  at  occasional  mometite. 
Ttiis  diffiunlty  may,  however,  lie  obviated  by  taking  a  gi'oat 
ninnlter  of  photographs,  and  solccting  Uioee  which  &how  the 
best  iniageii. 

In  applying  this  method,  Jaii^wn  lias  taken  his  photngraplis 
tm  a  larger  scale  than  has  been  attempted  by  his  prcdeecssoi-e, 
his  largest  pictures  of  the  urn  boing  from  tweUo  to  lifteeti 
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indies  ill  diameter.  Tito  ^rauulatiou  is  thiis  bi-oii-;Lt  out  widi 
I'fimarkablo  distiuctiicisE,  lu  may  Ik;  ^ci-n  fioin  tliu  fallowing 
%iii'c.  wliicli  i«  (inhrs^d  so  lliut  tlie  wliole  ami,  on  tlie  uiue 
settle,  won  Id  be  tiiive  feet  in  diameter. 


T 

I 


ol  Mcudou. 

M.  Jniiit»on  findM  l)int  tl)C  ;;i'niiii1tir  elemcmla  ni'e  of  v«rj  dif* 
ferciit  Eii:c5  and  britiiancy,  the  diameters  ranging  from  «  few 
tenths  of  ft  second  to  tbi'Oo  or  four  seconds.  IIib  form  is  gen- 
emlly  cligbtly  (Oli|iticbiit  is  subject  to  coti*idor»iblo  vnriutiuiia 
Tlio  differentrSB  nf  hi-illiancy  among  the  ^ I'nnnlas  Rcem  t"  nri: 
from  tliflir  being  sitnalod  at  different  depths  in  tho  ])iioto- 
»p)iere.  Bnt  tho  most  reinitikAhlc  i'c«ulc  of  Jnnwcn's  plioto- 
graphs  is  uhnt  he  calls  tlie  photo8|ihenc  net-work,  "r^a^aH 
jf/ioioajtkerique.^^  Tliis  is  not  a  net-work  of  linos,BS  wo  might 
imdcrstand  it,  but  a  subdivision  of  the  photos}jhoi'0  into  regions 
in  nliich  the  granules  look  hard  iitid  well  delincil,  and  ro^ons 
in  which  they  look  softened  and  indistinct.  This  a|>]i«Aiiinoe 
is  sliown,  tlioLigli  somewhat  imjwi-foctly,  in  tlio  above  Hgnre, 


I 


iraieh  is  trnkeu  from  one  of  Jatiiecn'f  plioto^prnplis.  Tlio  Lioiiu- 
daries  of  tlic  regions  of  well  and  ill  definod  gmniiUtbiis  ai-ti 
iiecesearilj  &oniewImt  itid«tiiiiti',  and  soinuiime»  appuar  »tmi;rlil 
ai)d  sometimes  curved.  The  diineiiRions  of  the  regions  of  ilU 
dulitivd  gmnulatiuii  si-o  very  mriablc.  Sonielimes  tlioy  atlaia 
a  diaitkoler  of  oiio  minute  or  moiv.  Witliiii  tliom,  tlic  gi-Anulfis 
eomotimee  di^ajipear  enlirely,  tlicir  i>liLCO  being  occnpicd  bj* 
fitreame  of  matior.  This  diBappmi-ance  eeenis  to  be  due  tn 
violent  movement*  of  tJic  [>hoto!t|)liei-ii:  matter  dcttnoying  tlio 
gmnolar  elements. 

When  wo  vhII  tlicsu  fililniiiff  objocis  "grannies,"  it  must  be 
remombured  tlint  wo  s))eHk  of  ihe  ai>ix;aianco,  not  of  tlie  I'ciili- 
,ly.  To  Aiibteiid  an  angle  of  one  Neoond,  at  the  distance  of  tlie 
cnn,  a  line  mu«t  bo  451)  milce  long;  oonceqnently,  from  what 
k  anid  of  (lie  size  of  tlio  gmniiles,  thojr  mtist  be  from  109  to 
fiOU  mileft  in  length  and  breadth. 

If  we  carefnlly  examine  the  snn  with  a  very  dark  smoked 
p\am,  we  shell  Ihid  that  the  disk  is  brightest  at  the  centre, 
sbuding  off  on  all  t'idi'-^  toward*  the  limb.  <'A]<cfnl  conijuiri- 
Bons  of  the  intensity  of  radiation  of  different  pai-ts  of  the  disk 
idiow  that  this  diminntton  nimr  the  limb  is  common  to  all  tlie 
r»\-s,  whether  those  of  heat,  of  light,  or  of  cbcinicul  action. 
Tlie  moat  ivcent  measures  of  Ihe  heat  rays  were  made  by 
Inngley  by  means  of  a  thermos? Icetric  jiile,  those  of  the  light 
rays  by  Pifkoring,*  and  those  of  Ihe  cliemical  my*  by  VogoLt 
The  intcnitittc«  of  these  several  radiattona  at  different  diHt.incr4 
from  the  eentre  of  the  disk  as  thus  determined  arc  shown  in 
the  table  on  the  following  page.  The  intensity  at  the  centre 
ii  always  su|i)>oited  IWi.  The  first  cohmin  give*  the  distnncc 
from  tlie  centre  in  fractions  of  the  snn's  radius,  which  is  t<n[i- 
poeed  nnity.  Thus,  the  first  lino  of  the  table  corresponds  to 
tlie  eontre;  tlie  last  to  the  edge.  Profewor  IjHigley's  nieas- 
tires  do  not,  however,  extend  to  the  extreme  edge. 

•  l*rarr9Mar  E.  C,  rickcrinj,  Direclor  of  ilic  llnrmrJ  OIiMrvntoir,  Curabtidgti, 
itumebimint. 

t  Dr.  UemMrm  t'.  VtgnK  (bnoarif  utnmonier  it  Botliknnp,  now  of  tbe  thilsi 
OWtTTSlMT  in  rotwbm,  I'niMin. 
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It  will  Itc  boeii  tliRt  iicur  the  edge  of  ilic  dhk  tlio  cheinioal 
TAyi  fall  off  iiiDAt  ■'aimllv,  tlie  liglit  nys  next,  mid  the  li«at 
rs^  least  of  ull.  iluuglil^^  »pc*akiiig,  (.•acli  Ktjuare  iiiiiiiite  m-w 
the  liiuli  of  Uie  »m)  gives  about  Imlf  n»  much  licat  as  at  tlie 
centre,  nlwnt  onc-tliird  hs  niiicli  liglit,  nnd  tc«A  tliait  oiio-«evonth 
iiH  [tinny  pliotugrHi>1iiti  rays.  Uf  llie  caiiae  of  tlii»  degradation 
of  light  and  lii*at  luwurdti  tliu  limb  uf  the  am  iio  doubt  lias 
Well  entertained  ^iiico  it  u-ain  tiitit  iiive«tij!«ted.  It  i«  funiid  in 
tho  al>»>r|)iiun  of  llie  rays  hv  a  eolar  aIiDOit])liere.  Tim  6un 
being  a  globe  eurronndi'd  by  an  almoepbei'p,  tbo  rays  wbii-ti 
emanate  from  Iho  )>lioli.ni)>bvi'0  in  a  horizontal  direction  have 
a  grenlor  thi^iknese  of  Rtmosphvre  to  ymn  tlirongh  than  tliooe 
which  strike  out  vei-lienlly;  while  the  fonnor  are  thoee  we 
Ke  near  tlio  odgo  of  the  disk,  and  the  latter  near  the  centra 
Thv  dilTvrcnt  Rb^ri>tii>n)>  of  different  olai^^ee  of  raya  oomv 
)i]>ond  exactly  to  thi:»  Bii^tjiaaition,  it  being  ktwwn  that  iJie 
moi-o  refrangible  or  ehcmicHi  raye  are  moat  absorbed  by  ta> 
porii.  and  the  heat  rays  thu  Iciwt. 

Fi-om  UiiB  it  follows  that  va  get  but  a  fraction — perhaps  a 
small  fraction — of  the  light  and  bent  actually  emitted  by  llio 
son;  and  timt  if  tlie  latter  Iiad  no  atmosphere,  it  wonld  Im 
mncli  hotter,  nindi  brighter, and  bluer  in  volor,  than  it  a4rttully 
is.  The  total  nmoniit  of  abeorptioti  has  been  very  diffnn-ntly 
eAliinnted  by  diffei'ent  authorities,  i.aiilaee  snp[>osing  it  might 
bo  as  much  as  eleven -twelfths  of  the  whole  atnooiit.  Tlie 
■mailer  estimates  arc,  however,  more  likely  to  be  new  the 
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trntli.  thcrv  t)cin^  no  good  reaiton  for  holding  tliat  nioro  Iliati 
hftlf  the  m\B  nro  at>Borl>ed.  Tliat  U,  if  Uic  eiin  htii  no  ktniue- 
phcro,  it  tiiii;l)t  bo  twioo  as  bnglit  and  as  hot  as  it  actually  in. 
imt  would  not  Iw  likely  to  lie  tliree  or  fom-  riiiios  »o.  Profesift- 
Dr  Latigley  enseals  that  the  gtauiHl  epoch  may  liavo  boon  due 
to  a  greater  absorption  uf  tbo  sun's  heat  by  its  alinQN[>l)erc  in 
Bomo  iMMt  i^oIojiIvk)  a^. 

A  very  im)K>rtaii[  ]ihy&ical  and  ai<t ronomiciil  problem  is  that 
of  measuring  the  total  ninunnt  of  beat  radiated  by  the  sun  to 
llic  enrib  dnriiif;  any  )>criod  of  lime — say  a  day  or  a  year. 
The  quoslion  admits  of  a  perfectly.detinite  niiHwcr,  but  thora 
are  two  difKcidtius  in  tliu  way  of  obtnining:  it;  one,  to  dwlin- 
gnii)b  between  the  li«at  eoniing  from  the  «tin  itself,  and  that 
eomiiig  from  tlte  atmosphere  and  anrroiuiding  objects;  tbi* 
oilier,  to  allow  for  the  ab«orptton  of  the  sotar  lieat  by  onr  at- 
moftphcro,  wliich  moHt  be  done  in  order  to  delorinine  tlto  to- 
tal quantity  cmnnatini^  fix)m  the  onn.  The  Mnndard  determi< 
nations  have  long  been  considered  those  of  Ponillot  and  o£  Sir 
John  I]cr«chcl.  The  results  obtained  bv  tbe  former  mav  be 
exprc«6ed  thnn :  if  the  air  were  ont  of  tbe  wny,  and  a  eheet  of 
ice  were  so  held  tliat  the  nnn's  rayi)  ehonld  fall  ii|>on  it  )>ei^ 
peitdicnlarly.and  be  all  abKirtted,  the  ice  wonid  nicic  au'ay  at 
tba  rata  of  14^  inches  in  24  lioiii-e.  Btit  Professor  Langley 
liaa  recently  shown  that  this  rc«nlt  is  ntiieh  too  ttmalt,  owing 
to  the  alworbing  power  of  (he  earth'a  atmoepbei'e  lieiitg  nnder- 
estintalod.  llio  increase  has  not  lieen  accnratcly  detcriuiiicd, 
but  is  ])rot>ably  50  ]H.*r  cent.,  and  may  be  yet  gi-eatcr, 

Attempts  have  been  made  to  determine  the  temperature  of 
the  enn  from  the  amonnt  of  heat  which  it  radiates,  but  the 
estimates  have  \«ried  very  widely,  owing  to  the  micei'tainty 
nttieeting  itte  law  of  i-ndiution  at  hif^h  tom|>ei-atitrei>.  liy  fliip- 
poeing  the  radiation  pi-oportional  to  the  tem|>cmtare,  Secchi* 
tiixls  tbe  latter  to  bv  several  million  dogrce^s  while,  by  taking 
another  law  indicated  by  the  cx[H.TimcnT.i  of  Dtdong  and 
Petit,  others  lind  a  temperature  not  many  times  exceeding 
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that  ot  a  revcrbcratory  funiacM?.  For  tlio  tctnpcratnre  of  tli? 
pliolosplici-c,  it  scoiiit'  likely  Ilint  tlic  lower  c»riiiiiiivs  nro  inoro 
tieni'ly  riglu,  being  founded  on  an  experimentnl  law;  bnt  the 
teiiii^erntni'e  of  ibc  intcnur  iniiiit  be  tinnienBcly  higher. 

At  tlio  jH-i'Mtiit  liiiio  nil  investigation  of  the  solnr  nkdietioD, 
hy  Professor  Ijingloy,  is  in  pi-ogresa,  and  proiiiisea  iniportaot 
results  as  to  llii^  actual  amount  of  energy  lust  by  tJie  sun  evety  i 
year,  and  tlio  chariicter  of  the  absorption  which  takvs  plaoo' 
ill  the  atmoeplieree  of  the  sun  and  tlio  earth.  ■  The  great 
diflicuUy  met  with,  by  pitivioiis  iiiv-c«tigator^  is  tliat  ob»er>| 
vations  on  tho  tular  light  and  lient  Itave  been  madv  near  tliaj 
cnrthV  »iii-face,  after  the  passage  of  the  rn^-s  through  a  dciiMi 
and  frequently  vaporous  atmosphere.     In  conebidiug,  from 
measures  at  the  cnrth'it  ^iirfuoe,  the  amomitof  radintioii  wliicU 
wonUI  be  ob«crred  if  tlicro  were  noatiiio»pbere,it  ia  ncccMnrjr 
to  make  allowance  for  atmospheric  abBorption.    In  calculating 
tliis  absorption  it  has  been  assumed  proportional  to  the  amonut 
ot  atmosphere  through  wliieh  the  rays  had  pajssed.     Professor< 
Langlcy  fhowa  that  although  tlitn  a«iiiuied  law  may  be  tnio 
for  rays  of  any  one  dogi'ee  of  I'efrangibilily,  it  will  not  be  Into 
for  tlie  sun's  heat  o*  a  whole ;  bccsuEO  a  largo  absorption  of 
certain  rn)'»,  especially  tlio  more  i-efraugiblo  ones,  takes  yWL-e 
iti  the  higher  i-egions  of  the  atmoepliei'e.     In  order  to  attain  a 
good  i-esnit  it  was  neecstary  to  make  observations  at  the  grcni- 
est  possible  height,  and  in  the  purvst  atid  drye^t  atuioephcre, 
and  to  compare  tlieiu  with  observatiouA  at  a  lower  i^tattoii. 

In  iSSl,  Professor  Lanirley  organized  an  expedition  to  Ul 
Whitney,  in  California,  which  ri»c«  about  15,000  fe«t  aboro  the 
level  of  the  sea,  in  a  conntry  where  t)ie  bky  is  exceptiooally 
clear,  and  tho  air  unusually  free  from  vapor.  His  meainm 
of  teiii|>eratniv  were  made  by  means  of  the  /fo^weff  r,an  instrn- 
nieut  of  Uh  own  invention,  es]>ecially  adapted  to  this  purfmsa 
Its  most  essential  part  is  a  strip  of  metallic  loaf  ^  of  an  inch 
long,  T^r  "^  ""  '"*^''  wide, and  nhsn  <"'  *"  '"*■■''  thick.  This 
minute  object  formed  |>nrt  of  an  electric  circuit,  and  changes 
in  its  tempcmtiit'o  were  dutvnniiied  by  tho  conseqnetit  change! 
ill  its*  electric  oonditctivity ;  so  sensitive  is  it  that  a  cliange  uf 
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teinpcratupo  ot  ■pia'iiBg  <^^  ^  dogitw  can  bo  delected  by  tbe 
galvaiiomctttr. 

This  strip,  being  placed  i>iira1lel  to  tbo  Fraunliofei-  lines,  is 
movcO  ever  difTL't-ent  parU  uf  tliu  spoctriim,  ii*ft  uuly  fmiii  tlia  i 
extreme  violet  to  tiie  exiietno  iikI,  liiil  >'ct  funlior  itiiiotig  ilie'l 
invisible  beat  ra^-e,  eo  long  as  any  rndianc  lieal  c-an  bo  delected. 
It  is,  tliereforo,  a  sort  of  an  vye,  wliiuli  it;  t>ctifiitivu  to  radiniit 
heat  of  111)  di-gi'ee«  of  ivfnuiffihility.    Wlicn,  in  moving  itlowly 
over  tliti  opecrmm,  it  i<eacl>e9  a  dnrk  line,  llio  strip  bevoinea 
cliglitly  colder,  and  bcnee  a  butter  conductor  of  fleclricity 
Till!  now  of  electricity  is  tliL-ivfui-e  inuic-juud.    On  k-nving  ll»e' 
line  it  grows  warmer,  and  die  flow  of  electricity  is  ditiiinialied. 
Thus  the  positions  of  llio  lines  ai-c  regietei-ed,  whether  they  are 
or  arc  not  viiiil)1c  tu  tlio  linniuii  e>o. 

Professor  I^tij^ley  lias  snppllcd  figures  showing  tlie  distribo- 
tion  of  lliu  hc'Ut  tpoctrinn  as  thus  dL'tcrntiiicd  on  Ik[t.  Whitni'y, 
Tlio  diScretiec  botwcon  tlio  tuu  hgnrc«  iiri«cs  from  the  dif- 
foi-ent  way*  in  wliicli  the  spcctrimi  is  formed  by  the  grating 
and  by  tlio  prism.  Tlic  hitter  crowds  together  tJie  liglitor  heat 
waves  of  small  rcfrangiliility  and  long  wave-lengths,  while  Jt 
propoH tonally  BcAttci-i  rays  oE  large  rcfnitigibility  and  tlnrt 
wave-lengths.  This  effect  'a  shown  in  the  small  fignre  B,^ 
where  the  rays  are  more  and  more  crowded  as  we  pass  froina 
tlie  violet  tow»rd»  the  red.  The  corrc»|>ondiiig  prismatic  spoo- 
trnin  shows  a  maximnni  of  heat  to  the  left  of  the  line  A,niul 
therefore  beyond  the  visible  part  of  the  Bpcctrnm. 

h  is  very  different  with  a  diffraction  spcctnnn  obtained  from 
a  ruled  grating.     Here,  as  will  l)o  seen  at  A,  the  rays  are  all 
scattered  eijually,  so  tliat  the  s|>uctriim  is  shonii  in  its  true' 
proportions.     In  the  larger  figure  of  the  diffraction  si>cctnin) 
the  distnbntion  of  heat  is  sliown  on  the  same  scale,  and  tliOJ 
maximnni  of  heat  is  found  to  be  near  the  orange.   TIio  bending'! 
curve  shows  the  intcnuty  of  tho  radiant  heat  at  each  point 
of  the  epectmni,  as  it  wonid  be  in  tlic  nb^nce  of  selcctiiD 
ahsorption  by  the  eiiii's  atmofphere.    Wo  hare  already  men* 
tioned    Professor    Langley's   conclusion    tliat    tho    real   smit 
below  its  absorbitig  kycr,  a  much  bluer  than  it  appcartJ 
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to  ns.  Cut,  fix>iii  liis  oxporirnente  on  iiI>ttori)tioD  bv  tlie  enrth's 
ittinos^licrc,  lnj  also  ooiivliideR  Umt,  coiilJ  we  r'lus  abovu  our  at- 
moophcre,  tlie  snn  would  tie  far  riclior  ih  the  exirciiic  viulct  m\'8 
tlinii  vre  ever  eoo  it  on  the  tftitli's  turfncc,  aiicl  H-nnld  ap^icar 
of  a  bliiu  like  that  of  tlie  spectrum  neai*  the  Framihofer  line  F.J 

§  2.  Thv  Sohr  Spots  and  dotation. 

E\-en  the  poor  telescopes  made  by  the  contemporaries  of 
Galileo  oonid  hai'dly  ho  direfted  to  tho  sun  niati;:  tiinc«  witli- 
oiit  one  ot-  moro  itpoi^  Ixiiiig  eeen  on  his  eiirfaeo.  Whatever 
civdit  tnay  he  due  for  a  discovery  whidi  required  neither  in- 
dustry nor  skill  &hoidd,  hy  the  nilo  of  modern  scicnL-o  already 
referred  to,  ho  uwai-dcd  to  Fahritiiw  for  tlic  discoven,-  of  tlio^ 
solnr  »pot«.  This  oli»ervcr,  othor\vi«>  unknown  in  ni.tn>itiiinyfl 
niado  known  tiio  existeuce  of  the  solar  spots  early  in  1611 — 
a  year  after  Guliluo  Iwgan  to  scan  the  licaven^  with  hie  (ol- 
caoopo.  His  discovery  v.'as  followed  np  by  Galileo  and  Scliei- 
ncr,  hy  whom  the  tirst  knowledge  of  the  natnre  of  tlie  e[)ol 
was  acqnirod. 

Tho  liivl  idea  of  Sehciiicr  n-as  tliat  the  spots  ^Tcrc  sms 
planets  in  the  iiciji^hborhood  of  tlic  buti  ;  hut  tliis  wan  speedily 
dispi-oved  by  Galileo,  who  showed  that  they  must  he  on  the 
Kin-fauo  of  tlie  enn  ititclf.  The  idea  of  the  Kmi  bciiii;  affected 
with  any  imperfection  so  gi'oee  as  a  dark  spot  was  repugnant 
to  tlie  eccIcsia^ticHl  pliilnKuphy  of  tho  timcH,  and  it  is  not  un- 
likely that  Sdieinei's  explanation  wa«  suggefttcd  hy  the  dustr* 
to  save  tho  porfeclion  of  our  central  Inminary. 

A  very  little  uh^crvation  showed  that  tho  s|)ots  had  a  regfi 
lar  niotiifu  acrnsn  the  di>k  of  lliu  sun  from  cast  to  wcei,  ogcv 
pying  abont  12  days  in  the  trnn.iit.    A  spot  generally  ap)>e«r 
tirst  on  or  near  iho  cast  liinh,  and.  after  12  or  14  days,  disa]i- ' 
pcared  at  the  ^vi■^t'  limb.     At  the  end  of  anuthcr  14  days  or 
more  it  reappearud  at  the  east  limb,  unlct>s  in  the  mean  tiiira 
it  had  vanished  from  sight  entirely.    Tho  spots  wore  font 
not  tu  be  ]>ermanvnt,  objects,  but  to  come  into  existence  from^ 
time  to  time,  and,  after  lasting  a  few  days,  weeks,  or  montlis, 
to  disappear.     But  su  lou<;  as  they  laetod,  they  aUrays  ex> 
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oiDited  the  motioa  jnst  described,  and  it  was  theiico  inferred 
_^tliac  tlic  Sim  rotated  on  liie  Bxie  in  about  25  dajs. 
■  TImj  lutrottomen  of  l)i«  Mventevntli  and  eigliteuntJi  cciitiiricfl 
used  a  metliod  of  observing  tlio  81111  wliidi  will  often  bo  found 
eonv«niont  for  seeing  tlie  &potfi  when  one  Iiba  not  a  tolsKxtpo 
tHfipliod  vriili  dark  glawce  at  Kis  disposal.  Tiiko  an  ordinarjr 
good  epv-glass,  or,  indued,  n  1clLn«:o|)o  of  any  kiee,  and  j>oiDt 
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tit  St  tlie  Eiin.  To  gave  tlic  ojros,  tlio  right  direction  luaj'  be 
[found  by  holdiii.^  a  piece  of  pupcr  t-loscly  in  front  of  tlio  oyo- 
])*cco:  wlien  the  eun  sliines  through  the  telescope  on  tlii«  pa- 
])Qr,  the  jwinting  is  nearly  right.  TIio  telescope  shonld  be  at- 
tadtod  to  some  niovubUt  t>iip|iorl.  so  that  iu  [Ktinting  cnn  be 
changed  to  tlie  different  dii-oclions  of  tlie  enn.and  ahonld  paaa 
tbrongli  a  perforation  in  some  sort  of  a  screen,  eo  that  the 
linn  cannot  sliinv  in  front  of  the  lcIcscoi>e  except  by  passiii» 
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UiroDgh  it.  An  opening  in  n  window-ghntter  will  answer 
giiml  [•ii]')Kae,  uiily  tho  rays  iiiiii't  in't  )iiivu  u>  ynti  tiiruii};li  ttie 
glasa  of  tlie  window  in  ordef  to  rench  the  lel«AC'Oiie.  Draw 
vut  tlio  ryc-pii'L-u  of  tliu  iii^lriimfiit  iiboiit  tlio  ei^lli  of  ui 
indi  Ijittuiid  tliu  [•ni|it.'r  i^iint  fur  si-uiiig  a  distant  object. 
'I'hcn,  l]oUli>i<;  a  j>ieee  of  white  paper  Lefoiv  lli«  cyc-i)iooo  iit 
a  dislanco  of  fi-oin  H  tu  1^  iiiL-hce,  nn  imago  of  the  dUii  will  lio 
tlimu'ii  upon  it.  The  distmicc  of  the  pai>cr  niiiEt  hv  aOjo^ted 
to  tho  di.ttnn(.'e  tlic  eye-pioue  i^  di-iiwn  ont.  Tho  faithcr  wo 
draw  out  the  eve  -  piooc,  the  neai-er  the  heat  imago  will  l»e 
funiiL-d.  Having  iLdjii^^tfic)  everything  so  that  tlie  edge  of  the 
Bun'8  irnn<;c  «hnll  be  )'hui-i>ly  dvtin«d.  one  or  more  K|tot«  cau 
gPDcrnlly  he  seen.  Thin  method,  or  c^iincthing  E'iinilar  tu  it.  h 
oftfii  iiMid  in  oljscrving  eclipses  and  transits  of  Mereury,  and 
»  very  oonvctiicnt  when  it  i«  do«ii-c<i  to  show  an  «n1ur]gcd  im* 
age  of  tho  snn  to  a  niiinlier  of  sjiecinlnre. 

Wliun  powerful  telescojKJs  were  applied  to  the  sun,  it  wa» 
foinid  that  tlie  spots  woro  nut  mci'vly  tho  dark  patclioA  which 
they  timt  anpeni-ed  to  be,  hut  ihnt  they  com])rieed  two  well- 
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marked  portions.  The  oentral  pari,  called  the  umbra  or  no* 
cfcit»,  i*  the  darkest,  and  ia  snrronnded  by  a  l)order,  interrae- 
diate  ill  tint  between  the  darkness  of  tho  spot  and  tlio  brilt 


TEE  SOLAS  SPOTS  AND  BOTATIOy. 


3SI 


I 


I 


itncy  oT  tlie  BoI»r  ftiirface.  Tliis  Wrder  is  termed  t!ie  pcnum- 
hra.  Oi-dtnarily  it  appears  of  a  nnifunii  gra,v  tint.  Bat  wlion 
vnrcfiill)'  cxarniiiod  with  a  guod  tclcecopo  in  k  very  etcndv  at- 
HtOAfjIiere,  it  is  fonnd  to  bo  »triatod,  luokiog,  in  fact,  mtirti  liku 
the  boltulu  of  a  (liatclied  roof,  tlie  eeparale  straws  being  di- 
rected tcwurds  tlic  interior  of  tbo  spot  This  uppcuraricc  iti 
»Iiowa  ill  tbc  %iii«. 

Tlic  Bpots  arc  exti-einely  in-egidar  in  form  and  iineqiia]  in 
aiee.  Tliey  are  very  generally  euen  in  groups  —  sometimes 
two  or  niori!  combined  into  a  single  one;  and  it  fix^]iicilt]y 
happens  thai  a  largo  one  bivaka  up  into  several  smaller  ones, 
llieir  dnracion  is  aUo  extremely  variable,  ranging  £i-om  a  few 
da%'s  to  poriodit  vf  several  monlli^. 

Until  about  k  century  ago,  it  was  a  qnestioti  vvlictlier  the 
Bpots  were  not  dark  patehei,  like  scoria,  floating  on  tlie  molten 
6ur&(.-c  of  tbv  pliotosplici'o.  Wilson,  a  Scotcli  observer,  how- 
ever, found  tliul  they  ap)>carcd  like  cAvitie^  in  the  pluitoDphere, 
llw  dark  poit  being  really  lower  Uian  tlie  bright  surface aronnd 
iL  Ab  a  s|K>t  approached  tlio  edge  of  tlic  disk,  he  fonnd  lliat 
tbo  pennmbiiL  grew  diiipropoilionatcly  narrow  on  tlio  side 
ncarcat  to  ttie  sun's  centre,  showing  tliat  this  side  of  it  waa 
accn  at  a  smaller  angle  than  the  other.  Thii  effect  of  [lur- 
epectiro  is  shoun  in  l*'ig.  G7,  whcro,  near  the  snn'a  limb,  the 
side  of  the  iMmiimbm  nearest  us  is  hidden  by  the  photosphoi-c. 
Tliat  tlie  «[)ots  are  cavities  is  also  slion-n  by  the  fact  tliat 
when  a  lai-ge  spot  is  exactly  on  the  edge  of  the  disk  a  notch 
is  sometimes  MCii  tlioro.  The  shaded  peimmbra  seems  to 
form  tlie  sides  of  tlie  cavity,  while  the  umbra  \*  the  invisible 
but  ton). 

TbcM  observations  gave  rise  to  the  colcbmted  theory  of 
Wilaon,  whidi  is  gcncmlly  connected  with  the  name  of  Her- 
ecbel,  who  deveIo]>ed  it  more  fully.  Tbo  interior  of  the  sun 
is,  by  tliis  tlteorv,  a  cool,  dark  body,  surrounded  by  two  layon 
of  clouds.  The  outer  layer  is  intensely  brilliant,  aiid  forma 
the  visible  photisphero,  while  the  inner  layer  is  darker,  and 
fomiB  the  nmbm  around  the  spots.  The  latter  aiv  simply 
openings  through   these   clonds  whicli   fonii   from   lime  to 


time,  antl  through  wliich  wc  «ce  the  durk  body  iu  tho  interior. 
Anxious  that  this  budy  itlioiiM  Burvc  Bomo  etpeoinl  piiqKiM  in 
llic  economy  of  creniion,  they  ]ieopled  it  with  intelligent  be- 
ings, who  were  pmteL-ted  frurn  tli»  flcrvo  radintion  of  tho  pho- 
toephcTO  by  tli«  lujcr  of  «oo!  cloud*,  but  were  dfniod  every 
Tiev  of  tbe  uiiiwrse  witbont,  except  tiuc^b  glinipsoa  «s  thoj 
iniglit  obixiii  throii}^h  tho  oocaeioual  openings  iu  tlio  pbobh 
sphere,  wliicli  wo  >toc  lu  Hpola. 

I.,eaving  out  the  fancy  of  living  beings,  this  theory  account- 
ed very  well  foi-  KppL-tti-niicL-H.  Tlint  tho  photoephera  could  not 
bo  abfiuliitoly  imd  wholly  nolid.  liquid,  or  f^nsteon»  sccined  evi- 
dent from  the  nataro  of  tlie  epote.  If  It  u'ere  eolid,  the  bitter 
could  not  bo  iu  Bucb  n  eonstant  state  of  change  a*  we  i«q 
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letn ;  n-liile  if  it  were  liqnid  or  gaseous,  these  cnvities  could 

[not  cuiiliiiiie  for  inuiillis,  as  thoy  wciii  eomctimoe  swii  to,  bo- 

Ktuo  tlie  \\(\\\\A  or  gnwiMu  matter  would  niftti  in  from  nil 

^tidee,  and  till  ihein  ii)k     Tlie  only  liyjHitliceis  lliat  seemed  left 

Dpcn  to  HcrMilicI  uiu  tlikt  tlio  pliolonjilierc  consisted  of  cloitds 

fttitig  iu  Ml  ntiiiu«i|>liere.     Aa  tlie  sides  of  the  varttics  looked 

'vomt)Aratt\-el;  dark,  the  eondiisioti  Becmcd  inevitable  (hat  the 

brilliaticy  of  l)iv  [ihutosifhcro  wis  oiilv  ou  and  near  tlie  Eiir- 

^moo;  nttd  oa  the  Imltnin  of  tlie  cavity  lookvd  etilircly  dark, 

Hta^coitclufiion  that  tho  sun  had  a  dark  ititeriur  seemed  iiiiii- 

■KbMe. 

^P    Ttio  di>icovGrv  of  the  oonAcrvation  of  fonie.&iid  of  the  mut- 
iml  (■•■nvertihility  of  heat  Kiid  forop,  was  fatal  to  thi«  theory. 

■fiudiaeiinue  that  of  Uerschc-l  woidd  have  cooled  off  entirely  iti 
ft  fcw  duy»,and  then  wo  should  rocoivo  neither  light  nor  hoit 
from  it.  A  von tiiitio  11.1  flood  of  hi-nt  6ii«h  ns  the  stun  liaa  been 
ntdiutiug  fur  thousands  uf  years  can  he  kept  up  only  by  a  eon- 
etmit  cKpcnditiii'o  of  foroo  in  oome  of  it«  fomis;  but,  on  Ller- 

Iit-hel'ii  tlioory,  tlie  supply  necv««Ary  to  meet  ihU  cx]>cndiiiir(; 
WHii  imjioseiblc.  Even  if  tlie  heat  of  the  photosphere  could 
bo  kept  up  by  any  afi^ncy,  it  would  bo  coiietaiitly  conveyed  to 
thv  interior  by  uondnL-tion  and  rndinliori ;  ko  tliut  tn  time  the 
whole  Htm  would  hocoinc  as  hot  as  the  photosphere,  and  its 
inhabitants  would  be  destroyed,  lu  the  time  of  Ilei-Buhel  it 
was  not  deemed  nccc6»iry  that  the  sun  should  be  a  very  hot 
body,  llie  beat  reocive<]  fi-um  lii«  i-iiys  beiii);  supposed  by  iimtiy 
lo  be  generated  by  their  pasea^^  tlii-nugli  our  attnospliere. 
Tlio  photoGphcro  was,  tboroforo,  supposed  to  be  eirnply  phos- 
iJtoTBSocnt,  not  hut.  Thi»  idea  i»  8li!l  entertained  by  ninny 
educated  men  who  have  not  made  tliemselves  aciiiiainted  with 
die  laws  of  heat  discovered  during  tho  pruscnt  century.     Wo 

I  may,  therefore,  remark  that  it  is  completely  ualenuble.  One 
of  the  best  Mnbliehed  results  of  these  laws  is  that  the  surface 
lit  the  sun  is  intensely  liot,  probably  much  hotter  than  any  re- 
ivrbciatory-  furnace.  The  great  qiicUion  in  tho  present  stalo 
of  science  ia,  how  the  supply  of  heat  is  nmintaincd  against 
iucfa  immense  lose  bv  radiation. 
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§  3.  Pmodicily  »/lfie  l^toti. 

The  carcfnl  obserx-atioiifi  of  the  euIbi-  s\iot8  ivliiuh  hnvc  I)om 
made  during  tlic  lost  century  nm;iii  to  indicate  a  [wriud  of 
about  uluveii  yvar*  in  tiie  8|)ot-iti\>dnuiii<;  activity  of  (liu  suu. 
During  two  or  three  yeam  the  spots  ara  larger  and  more  iiu* 
meroiia  tlian  on  tlio  avoi-a^:  tlivy  tlieu  U-giii  to  dtniinieh, 
and  rtndi  a  minimtirn  tivu  ur  «i.\  yeaiit  nflur  the  inaxitniini. 
Anotlwr  six  y«ant  brin;^  tlie  I'etuni  of  tlic  itinximiini.  The 
intervalg  are,  however,  somewhat  irregular,  and  further  oliser- 
vationii  nro  required  Iicfoiti  the  law  of  this  puriod  L-aii  bo  fixed 
with  ceitninly.  An  idea  of  t]ie  evidence  in  favor  of  thv  pe- 
riod may  bo  formed  from  eomo  results  o£  the  obscrvRiioiiB  of 
Schwabo,  a  Ucrmaii  a»tmnoiiier,  who  »yalc)tmli<.-a1iy  oUM;rvc<I 
tiiv  81UI  during  a  targe  part  of  a  long  life.  One  of  his  tnea^ 
ni-es  of  tlie  epot^produciiig  power  was  iho  tininber  of  days  on 
whieli  lie  saw  the  sun  nntliotit  spots  in  tlie  cuni^e  of  cttdi 
^ar.    Tlic  following  arc  soino  of  liis  i-oeuUb: 

FVixn  ISS8  to  IH3I,  «un  without  kpoM  nn  onlv  1  Ony. 
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We  see  lliat  the  sitn  was  remarkably  free  from  spots  in  tlw 
rears  1883,  1843,  IS!>Q,  and  186",  about  half  the  time  no  cou- 
tiderable  spot  being  visible.  This  recurrence  of  tlie  perio>l 
has  beon  traced  back  by  Dr.  Wolf,  of  Znricli,  to  the  lime  of 
Galileo,  and  its  average  length  is  about  11  yc&n  I  montli. 
The  yeai*  of  fewest  tinii-»iM>U  diiriini  the  preaeiit  cputnry  were 
1810,  ISad,  1833,  1844,  1856,  and  1867.  Continniiig  llie 
series,  wo  may  expect  very  few  spots  in  1878. 1880,  etc.  The 
yurs  of  greatest  pivdnclion  of  «.poi»  were  1SI>4, 1S16,  1S20, 
1837,  1848,  1800,  and  1870,  fi«m  whicli  we  may  conclude 
tltat  1883, 1898.  etc.,  will  bo  yeara  of  uiiiucroue  euD-eDots. 
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The  obeen'ttiona  of  Scliunlie  ttiid  tlie  i^eseimrltei  of  Wolf 
seem  tu  iiavo  plMwl  t1i«  oxi»teiiL-(!  of  this  puiiud  1)ct«>ii(1  & 
doubt;  liut  IK)  tmtUfnftrorv  cxpUiintioti  of  it«  catiso  lias  vet 
been  ifiv^n.  Wlian  first  noticud,  its  near  approKoli  to  the  pe- 
riod of  rovoluiioii  of  Jupitvr  iialiimlly  k-d  to  ibc  belief  lliiix 
■licrc  vn»  a  coiitiuviioii  between  rho  two,  mid  tlint  tlic  attnki> 
lion  of  the  IsTfcest  planet  of  the  &>~6tetii  piwliiced  wwe  dtoliirb* 
ancu  in  tbc  ^iiii,  whivb  was  gruutcr  in  (KTilit-lion  than  in  ap1>Q< 
lion.  But  this  oorniectiori  usttiiis  to  bo  di^pnivcd  by  the  fact 
that  llie  Biin-s{K>t  )H-nnd  is  at  lea&t  six  niontli»,  and  pei-tuijii  a 
year,  Bliorter  lliau  tliu  revolution  of  Jupiter.  It  is  tlivrufm-e 
probable  tluit  the  poriodiuitv  in  qiiuttion  is  not  duo  to  any  ac- 
tion outside  the  ^un,  bnt  ta  ii  I'Canlt  of  some  law  of  solar  action 
d£  wliieli  we  arc  as  yet  ignorant. 

I  Tliuti  arc  certain  eiippuecd  oonnoctions  of  tbo  Min-spot  po- 
riod  with  termriu-iiil  phen-midna  whicli  are  of  intiTL-sr,  Sir 
William  Ilcnichel  obUecKHl  quite  a  niiu«of  Mati»lic8  tending  To 
allow  that  there  was  an  iiitiuiate  connection  bet\Tecn  tl>e  nuni- 
Iwr  of  siiii-Bpota  and  the  price  of  corn,  the  latter  being  low 
wtu.ni  there  were  few  »]Hit^  and  high  when  they  were  more 
iinmei'on&  Ilia  convlueion  was  that  the  fewer  the  »|>ot«,  the 
more  favorable  the  «olar  rayB  to  the  growih  of  the  crngka. 
This  tlieory  has  not  lieen  oonfirmod  by  fiiibeetpiont  olwcria- 

n«,  Tlierc  i«,  however,  some  reason  to  bolievo.  from  the 
rc1ie»  of  Profpitooii*  levering  and  I,ooinis,  that  the  fre- 
icy  of  anroras  and  of  maf^netic  distnrbaiici^  i»  Kiihjcct  to 
a  period  correi)Kmding  to  that  of  «iin-»]x>t»,  the»e  occiureneci 
heing  moit  frequent  when  llie  f>iHits  are  meet  niimei-oiiB-  Pi-o- 
fceeor  Looinis  eonsiders  the  uoincidencc  to  be  pretty  well 
proved,  while  Profewor  I^ivering  is  more  cauttoii»,  and  wiiita 
for  fnrlher  research  hefore  coming  to  a  positive  ironchieinii. 
The  occurrence  of  great  anrni-as  in  1859  and  1S70-*T1  wm 
Rrikingly  accordant  with  the  theory, 

§4.  Imic  of  RoUxlimt  of  lilt  Sun. 

itctwecn  the  \ear«  IS43  and  lS61,n  very  careful  eeries  of 
observations  of  the  positions  and  motions  of  the  solar  sputa 

IS 
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H-as  inndi!  by  Mr,  Camngton.  of  Knglaii(],  witli  it  riew  of  d« 
'.litviii^  tito  oxAct  lime  in  wlilcli  tlw  sun  ruIaU's  on  liis  axuk 
Tliciie  (ibAerviitiotis  led  Iv  tlie  i-cirtiirliiibic  rofiiU  tlin*.  tlic  lima 
of  rotation  eliowii  lir  tliu  e|>otA  whs  not  tlio  enine  uii  all  ]mrl8 
of  tliv  eiiii,  but  tlint  tlii!  cqiialuriiil  ivgioiie  eeetiivd  to  pcrfonn 
a  rcvuliitioii  in  \em  time  rimii  ttioM  iicmvi'  tlio  polet.  Isosr 
die  Cfjimtor  ihe  jierioj  was  jibimt  25.3  dtkvf,  while  it  ww  a 
diiv  loiiyiT  in  'M'^  latitiidt:.  Moitover,  iho  jwriod  of  rotatiou 
ttxw*  lo  be  difFt.>reiit  ut  difToiciil  time*,  niid  (o  vAry  willt  lbs 
fruii'ioiR-y  of  the  B|iot&.  Itnt  lite  lawi^  of  ihvsm  vitriatioiis  tn 
not  VL't  L>»iabti6lii^(j.  Ill  cunH.-ijiii>nco  of  llicir  exifleiice,  we 
cniniot  tix  any  dvtinitc  time  of  mtatioii  for  tlio  sun,  t*  wo  OMI 
for  the  earth  and  for  some  of  th(>  ]dnnei:..  It  Mtrics  nt  dif- 
fi'rciit  linii.«,  and  nndur  i]ifi'(--i>cnt  (.-ircunislauoes,  from  Ha  to, 
£6)  dny0. 

'I'lie  catiae  of  llieee  rarialioiiB  If  n  subject  on  which  there  b 
vet  no  general  ngiecnioiit  among  tho»c  who  liave  moat  eare- 
fiilly  investigated  the  snhject.  ZiiUiter*  and  Wolf  eco  in  the 
gcnoral  ntutiotis  of  the  spots  tratL>s  of  cnrrcnts  tnovint;  from 
bxih  {jolcv  of  tho  sun  tomirds,  tlio  etinator.  The  latter  von* 
Htdi-i^  tlmt  lliD  oIcvcn>vvar  e|K>l - peWod  i*  luaovialttd  witli  a 
flood  of  liiinid  or  gaecons  matter  thrown  up  nt  tho  jh>Ig»  of 
the  Mini  iiboiil  oncu  in  elwon  vcnri',  and  gradimlly  finding  its 
*vay  to  tbe  equator.  Zoliner  Adopts  the  uinie  theory,  and  has 
bnbmitlcd  it  to  a  matbcniatienl  anulysi*,  tho  bflsis  of  whieh  is 
tltat  tlic  itnn  liiM  a  Nohd  cnint.  over  which  inns  the  tlnid  in 
wbieb  tlifi  spnt^  ate  formed.  Tbe  enrrcnt  springs  np  near 
tJie  poles,  and, Blartiiig  towards  the  cjiiator  without  any  rulacd 
tion,  is  ai-ted  oti  by  tlio  friction  of  tlio  rctvolvin^  cniM.  Hy* 
tbia  friction  tb(f  rrnst  eontiniially  tends  to  eaiTy  tlio  flnid  with 
it.  Tho  nearer  tbe  current  appronebtiB  the  equator,  tbe  inoiQ 
mpid  ihe  rotation  of  tho  (■rnut,  owing  to  its  ^ji-eater  dUtnnea 
from  the  axis.  The  frietion  acta  so  slowly  that  tbe  cnrroiit 
r9aL-hes  tho  cqnator  bcfoiv  it  lakes  np  the  motion  of  the  cnnL 
t>n  fbis  bypoilicsiii,  tbe  cni^t  of  tlie  miii  really  revolres  in 
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at  £5  dtiys ;  and  llic 


that  llio  fluid  wbicli 


It 


rcftsnn 
more  eluwrly  hi  n  dUtniioc  frnm  lliv  eiin'A  t<|iiiitur  it 
that  it  lias  not  j'et  tiikoii  up  tliis  iioniiiil  velocity  of  ntiaiiuii. 

I  Tilts  cxiilaiiatioti  of  die  Beumiiif;  panidox  tliat  tlic  ctiiiatcria] 
n^ioiis  of  llic  eiiii  }ivrfonii  tliiiir  rcvulnlion  in  n  ^lioriev  liin« 
tttnii  tlioM  parts  ricarer  tlie  pole«,t-Kiiiiol  l>e  regnitk-d  aa  nii  et- 
lablisliu'd  fiuieutilic  tlioury.  It  is  nit'iitiutiL-d  oa  liciitg,  su  far  as 
tliu  wntcr  is  nwnrc,  (liu  itiunt  uoiii|ileli-l}'  cluliuiiitvii  cx)>l<iiia* 

[tiuii  yet  offered.  It  ia  poMible  tliat  tlie  spolit  luivc  a  pivfxu- 
liiultoii  of  tlieir  o^m  uii  tlit.-  t-oiar  Eiirfiiif,  iitid  tlial  tliis  is  ihe 
reason  of  the  nppaifiit  diffvi-viic<o  in  the  liinu  of  rotiirioii  in 
difforent  latitude.  Yot  anotltcr  theory  of  ilie  subject  is  that 
of  Kitre,*  who  inniiitaiits  that  these  diflli-itnci-s  in  itiw  mlis  of 
roiatiiin  ani  due  to  n«cviidin;;  mid  dcscc-nditi"  current*,  us  will 
bo  more  ftilly  explained  in  prowntiiig  liU  views,  lint  we  liero 
tmich  npoi;  qiiratiutis  which  science  is  as  yet  far  from  heitij; 
ill  a  cottditton  to  nn«wcr. 

§  5.  T/ie  Sun's  Suri-oundingt, 

If  tlio«tm  had  iicvvr  Ikwd  examined  with  any  olIiorinMni- 
.  iii«iit  llian  the  telescope,  nor  been  totally  eclipsed  by  tl>e  inter- 
vention of  tlie  moon,  wc  ulionld  not  liave  formed  any  i<lr.>H  of 
the  nattii-e  of  the  operations  p>iti;(  on  at  hi&  surfiice :  but  wo 
I  might  have  been  U'ttcr  «aii»ried  that  wo  had  a  complete  kiviwl- 
ed^  of  htii  eoiiRtitiition.     Iiidt«d,  it  i*  ivniarkablc  tliat  mod- 
ern ecionce  has  eliown  iis  more  niyBtcricfi  in  tlie  tinn  tlian  it  haa 
Mplaiiiod  ;  «o  tlial  wc  find  oureelvea  farther  than  before  from 
H  sulisfaotory  cxplnnatioii  of  nolnr  plienouieiift.     When  tliu  an- 
I  i'tentfi  aiipposed  the  onn  to  lie  a  glolie  of  molten  iiim,  they  had 
[;Sii  explaDatioit  which  qrite  satUtied  the  refjniremenis  of  tho 
wiciicc  of  llieir  tiinwi.     'Hie  i>iKit»  wei-c  no  mysterj-  to  (ialilco 
ai>d  Svlteiner,  bein^  simply  dark  plncefl  in  llie  photoKphera. 
Uersclwrs  explanation  of  them  was  quite  in  acc/u-d  with  the 
svtetioo  of  his  time,  and  he  may  be  I't-gardcd  as  the  latent  man 
wlio  hu  Iield  a  tlworii'  of  the  phyaical  ooiii>titutiun  of  the  Atm 
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wliicli  WAS  really  (>atii(Fa4.-tofy  at  titc  time  it  via  )>iv{tontidei 
Wi;  liRvc  »l)owii  liiiw  liis  tUbvry  vn-t  rvfiited  hy  lliu  liixMWf^ 
of  llie  ooitaervBlioii  of  foruo;  we  have  t>ow  (o  see  what  per- 
plexing pbeuoiiictitt  liavu  1>c4;ii  rewuk-il  in  rcceut  liince. 

P/i^nomtna  dnriit-j  ?<**/  fxli^inra.  —  If,  (liiriug  tlie  f-ro^aH 
of  n  total  ecli[i6C,  the  gnulaally  diiiiiiiisliiii^  creeoeiit  nf  tii« 
stii)  is  u-]itc-li«l.  nothing  reniarkahlu  is  etxn  yntU  xtry  n««r  tli6 
niu:iiciii  of  il«  toiiil  iiiMi|'|>e4tmncv.  Unl,  ait  tliu  lut  my  of  «iiii* 
light  vani»l)6ii,  a  scene  of  inic]iain|>liKl  Itcmity,  grandeur,  and  im- 
proeivences  breaks  upon  thv  vtow.  I1iu  >;)oIh3  of  ihv  tnMni, 
black  *»  ink,  ia  wvii  lu  if  it  werv  liunj^iiijr  in  mid-air,  «nrn>iin<l- 
ed  by  a  cruwii  of  soft,  eilvoi^  light,  like  that  whicli  iIm  old 
paitilofs  used  to  dofHct  aroniid  llio  licads  of  Mints.  Besidi'* 
this  "uorutin,"  tongnu  of  roee-culored  thnnv  of  the  most  fan- 
Uistic  forniB  blioot  out  from  varions  poiula  atxHnid  th«  edg*  of 
the  liiniir  (li^k.  Uf  itiMe  two  a|>|>i-anin<;c«.  thu  i-orona  wiu  no- 
ticed at  Woxt  ai  far  bai^k  as  the  time  of  Kt-plfr;  iiidei->J,  it  wui 
not  i»»«blc  for  a  total  wli))t>e  to  li»tt]>cii  witliotit  tlio  spevtA- 
tora  eeeing  it.  Bnt  it  'u  only  within  n  wntiiry  that  rlio  hi- 
tontion  of  astronuiuure  Ims  heun  directed  lu  tlie  roae-colored 
tlanice,  altliongh  an  oljoervation  of  tliem  u'as  reconlcd  in  tlto 
I'liil(Ho|^>hieal  Traitsaolioiis  nearly  two  efntnritw  ago.  They 
are  known  hy  ihe  tevcml  nam*s  of  "  flume*,"  "  )iruintncnoe0,'* 
and  **  protnlteranees." 

Tlie  ile«eri|>t)ons  wliieb  have  been  given  of  tlie  oorona,  ■ 
tlioiigh  differing  in  many  dolnils.  have  a  geitoral  roeemblanc 
Hftlley's  description  of  it,  at  Kcn  diu-ing  the  total  uelipee  of 
1715,18  as  fo1h>wg: 

'*  A  few  sctHinds  before  tlm  snn  wa«  all  hid,  there  diMrovered 
itself  ronnd  the  moon  a  Imninoiit  ring  about  a  digit,  or  per 
Un[m  a  tenth  part  of  the  moon's  diameter,  in  breadth.  It  wa> 
of  n  palu  wliitcne:^,  or  ratlier  pearl-color,  Bcemiiig  to  ine  a  lit 
tie  tinged  wiiii  tlic  colon  of  t)io  iris,  and  to  ho  cuucentrin 
wit! I  the  moon." 

Tlie  more  carefid  and  elaborate  observalione  of  recent  timet 
•liow  (tint  the  corona  )ia«  not  Uio  cii-cnlar  form  whivh  was  for 
inerly  ascribed  lo  it,  bnt  that  il  is  tjiiite  invgiilnr  in  itJt  out 


TBS  suit's  SUBSOUNOtSOa. 


Sid 


Kne.  SometiinK  ila  form  is  more  nearly  srjiiarc  tlinn  rotind, 
ttie  ouriiera  uf  ttio  square  being  about  45^  of  Golar  Iiilitiide, 
and  tlic  sidcit.  tlierefore,  cori-G«]>on<)iiig  to  ilic  poles  and  die 
etjnator  of  the  smi.  This  s<[iiare  Hpjwsarauoe  does  not,  tiow* 
c\tir,EriM  from  any  rpgiilarity  of  form,  bnt  fi-om  tlie  fact  that 
Uie  oorona  uvins  briglitcr  and  liigliur  liiilf  way  bclvrcvn  the 
pcles  aiid  tli«  eqnator  of  tlie  fttin  than  it  doea  near  tlioee  iioiiita. 


m.  n— TaU  k!I|im  uflli*  inn  i»  tvii  at  D«  M<>lii«,  Inm.  Aunnti  ;in.  1KD.  Drii*j 
lir  I'rufMvi  J.  a.  Bnalmtu.  Tbs  kttc».a.  h  t.  ■ic..iaaik  Ibo  ihhIUoiii  o[  Uh  pro^ 
liiasfw. 

Dic^o  prominent  ]K>rtion9  sometimes  seem  like  rnyft  shooting 
iJiit  from  the  Bim.  The  corona  is  always  brigliteet  at  its  base, 
i>radually  sliading  off  toward  (lie  outer  vd:^.  It  i«  ini|>(>s»i- 
Utf  tu  (Jiy  xvitb  ix'rlnliify  li'>w  far  it  extendi,  Imt  there  is  no 
dnibt  that  it  has  been  seen  a&  far  as  oti«  sumidiamctcr  fron 
Iho  moon's  limb. 
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Tlio  coronfl  was  f^rniei'ly  eiippoHed  to  lie  aii  almt^fijiltera 
either  of  tiie  iinmii  or  ot  tim  siiii.  Thirty  or  forly  yciire  ago, 
lliu  most  plaiiiiblc  llieory  \\w»  lluit  it  wnft  n  «o1ar  atinue[>liore, 
Hiid  llinl  ttie  i-ed  ju'oiuberniices  were  cluiida  tloiiliii}^  tii  iL 
Timt  llio  uoroim  could  bo  a  liiimr  alnio8[>ljere  was  i:oiu[>lc4e1j 
dif]ii'ovi-d  bj'  iu  irn',:;nlar  outline,  fur  tlie  ntiiiocphore  of  a 
body  like  tlie  itiooii  would  neuettenrily  »|n't!nd  iUelf  niviiiid  in 
nearly  miifonn  Inycre,  and  could  not  lie  piled  up  in  bome 
quancr«,H«  llie  tnaitcr  uf  tlic  coi\ina  is  &ccii  to  Iw.  Wu  sIihII 
i<.c)on  »i'c  lliiil  tliei-o  ii  no  doubt  about  :Jic  corona  Iwin^  eoniv- 
tiiin;;;  anrronnding  the  >>nn. 

The  rpicBtioTi  wbutliL-r  ibo  red  protnbcrauccs  belong  to  tbe 
moon  or  the  »iui  wk»  »ct(led  dtirinc;  thu  loiid  eeli)ii^u  of  1800, 
nliiuh  wa6  observed  in  Spain.  It  was  tlien  pixi^ed  by  inen^ 
nrcs  of  their  height  abovo  the  limb  of  tliu  moot;  that  tlie  Ut- 
(or  did  imt.  riirry  Ilivin  with  her.  hut  |>n8»cd  over  tltoin.  Tlii« 
pivived  that  they  were  fixed  i-clnlivoly  to  the  win. 

At  tlie  lirne  of  this  eclip»t>  the  e|>eutr<iseope  waa  iu  itt  in- 
fancy, and  no  one  thou>;ht  of  applying  it  to  llio  etudy  of  the 
eovona  luid  pixitoburaticiv.  Tiiu  next  eonMdoinblu  cchjise  ou- 
eurred  ei^jbt  ycai's  later,  in  July,  ISGS,  and  wa$  xisible  in  In- 
dia and  Siuin.  The  $peetiv>»-opo  Imd,  in  the  mean  time,  eome 
into  very  f^-nei'al  um':,  and  exjiedilions  were  di-^iHttelied  from 
ecverat  Enro])eau  countries  to  India  to  iimke  an  oxaiiiination 
of  the  flpeetra  of  the  objects  in  cjncstion.  The  inwt  i^neecsd- 
fiil  observer  wiib  Jans«eu,  of  France,  who  took  an  elevnrwl 
pMition  ill  the  interior,  where  tlio  air  was  i-enmrliably  clear. 
When,  on  the  cventfid  day,  the  hi»t  ray  of  Hunlii;;bt  was  cut 
olT  )jy  the  ndviinclng  moon,  an  onormons  prolulici-nirce  showed 
itself,  rising  to  a  heif^bt  of  many  thousand  miles  aliovo  tiie  aui^ 
faee  of  the  eun.  The  s]icctrnscn]»e  wa.i  promptly  tin'iied  njwii 
it,  and  the  piaelii^od  eye  of  the  oliserver  saw  in  a  moment  thai 
the  s]H!ctriini  consisted  of  the  bright  lines  duo  to  pHowtiif;  hy 
di-i>;;en.  The  prntiiljerancp,  ihen^foio,  did  not  voiistst  of  any 
suhatatice  shining  meiely  by  i-cllectcd  snnhghr,  but  of  an  iiu- 
nien«c  nia«£  of  hydi-ogen  gas.  so  hot  as  to  shine  by  its  on*n 
li;;ht.  Tbe  theory  of  the  clond-liUe  natiiro  of  tho  pmtnber 
ances  was  ovcrtln-own  in  a  momont. 
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Tliis  obecn'mtioii  ii)nrk«  the  coiiiincncuinoiit  of  a  iii^w  era  in 
(Hjlar  ph^-sicft,  ntiid],  by  a  Hiiigular  coincidence,  was  inaiigii- 
rated  indcpendeiillv  hy  anotlicr  obsoiver.  As  Jaii^eii  luukvd 
at  tim  lii>o«  wliicli  Ito  was  tliu  tir«t  of  men  to  sec.  it  oceiin-vd 
tu  liini  that  thev  were  hrif;lit  ciioiij;h  to  he  scon  nftei'  the  totnl 
{iliaso  of  the  eclipeo  liad  passed.  He  tJiereforc  detenu iiK-d  to 
u'fttch  ihciii,  nud  ttiid  how  long  hu  could  follow  tlivin.  lie 
kept  iiglit  of  them,  not  only  after  the  total  )>hn«e  had  jviiiied, 
bnt  after  the  eeli|»c  was  eutirelr  over.  In  fai:t,  lie  fonnd  that 
with  a  sufiicivlitly  |>owcrftil  e|X!clro«co|>u,  he  cotdd  m-u  the 
ipcvtml  tines  of  tlie  prntiibcmnceit  at  ativ  time  when  tlie  air 
was  (wrfeetlv  clear,  so  that  t)i«  varying  forms  of  thcHJ  ix.'iiiat'k- 
ahle  ohjects  which  had  hitherto  been  («cn  only  dnnng  ihv 
roro  moment*  of  »  total  eclipie  could  bo  made  n  siihjeut  of 
Migular  observation. 

lint  this  great  ili»covcr\'  was  made  in  England,  independ- 
ently of  tlio  ci:li)i«e,  by  Mr.  J.  Nurniun  Loclivur.  Thi;t  gen- 
tieinan  was  an  acti^-e  student  of  the  snUjeut  of  EijiectroBcnpy ; 
and  it  had  oucnri<c<l  to  liini  that  llio  matter  composing  (heae 
IM^titberonec*.  Iwing  >o  near  tlio  Mirfouc  of  tlie  «nn,  must  be 
)iot  enough,  twt  only  to  sliine  by  its  own  light,  but  to  be  quite 
vaj>orii[ed,and,  if  m>,  ittt  ftjtectrnm  might  be  seen  by  tnean»  of 
the  e))ectro!H;o|)e.  Finding  that  the  inurnment  lie  i>oaaeA7ed 
would  show  nolliing,  he  oiilvrcd  a  more  irawcrfnl  one.  lint 
m  conMnictioii  wo?  nttended  with  f>o  mnoii  delay  that  it  wax 
not  ready  till  I'K-tober,  1S<>!J.  On  the  SOtli  of  that  inontli,  he 
pointeil  it  ii^Kin  the  margin  of  the  &nn,and  foniul  llutiu  bright 
lines  in  tito  it]wctnini,  two  of  which  bdongi'd  to  hydi'Ogon. 
TInm  woft  realized  an  idea  which  he  bad  formed  two  yeant  be- 
fore, bnt  wliicb  lie  woe  prevented  frnm  carrying  ont  by  the 
want  of  a  snilablo  instrnniont.     liix  success  was  immediatelr 

■imnunicittcd  to  the  French  Academy  of  Sciences,  the  news 
tiling  tliat  Itody  on  the  very  day  that  word  was  received 
fiom  .Tnns«on,in  India,  that  hu  hnd  also  solved  tli«  sainu  prob- 
lem. 

Kollnwing  up  Ins  rcaearcihcs,  Mr.  Lockyor  found  that  the 
protubvivncus  arose  from  a  iiariuw  onvuloiH!  surroinidlng  the 
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enonno«8  tongiics  of  flame,  wlitcli,  liowDvor,  c-a»  nc-er  t>e  seen 

except  Willi  the  «[iectr(NK!0)ic,  or  diiriiig  Mul  edipeis.    To  tliis 

ntmotpbere  Mr.  Lockyer  gave  the  nnine  of  (]ie  dtromo^hertt. 

Thi«  now  method  of  rc««arcli  throws  no  light  npon  the  eon- 

^itutian  of  the  coroiin,  bc-cAiise  tliu  ei)cetritiii  of  lliU  olijeut  h 

Bbo  &int  to  be  eliidied  at  any  time,  exeept  dtirlng  total  eclip»ofi. 

■rhf^ro  have  hooii  two  in  the  United  Stnles  within  ten  venre, 

VnriD»  both  of  which  tlic  (loroiin  u'u8  an-efnllj'  stiidicd  with 

all  the  appliances  of  modern  ecienuc.      The  firat  of  thete 

[r)i|>fie«  ouoiirrod  on  Ati^uit  Tth,  ISdO,  when  the  eliadow  of 

bo  mooD  paii$ed  over  Iowa,  Illinois,  Kentucky,  South- wcetcri) 

rirj^ima,  and  \orth  Carolina.    Tlie  flccoiid  was  tliat  of  Jtilr 

)th.  1S7S,  when  the  shadow  paissed  ovur  Wyoming,  Colnra- 

?.  and  Texas.    One  of  liie  most  ciirioiu  rc«ult«  of  the  hi»t 

tlipse  V6  derived  from  a  study  of  tlio  photographs  taken  hv 

partim  eent  out  from  tho  Xa^'al  Obeervntory.     Tiiesu  thow 

tliiit  lilt.-  eoiona  i^  not  a  moss  of  foggy  or  milky  liijht,  a«  it 

usually  appears  in  small  telesoopee,  but  has  a  hairy  stnicttirc, 

like  long  tnfts  of  tlax.     Tliis  stracturo  vras  noticud  by  W.  8. 

-Uilman  during  the  eeli|>Ae  of  1.SS9,  bnt  dooti  not  8Ccm  to  have 

■ceil  genemlly  roroarkod.    Tlio  most  prominent  feature  of  the 

keetrttm  of  llie  corona  is  a  singlo  bright  line  in  the  gi-cen 

^lorlion,  diKovei-cd  itidepcndctitly  by  I'mfe^tiora  IlarkncsM  and 

Yonng  (luring  the  evlijiee  of  1809.     It  has  not  been  identilied 

in  tJic  s]>ectriun  of  any  tcnvslrial  Giibstancc.     This  would  iit- 

dieaio  that  tlio  corona  consisted  in  part  of  sonio  ga«C8  iiii- 

known  on  Uio  cartli.    There  it.  also  a  faint  continuuii»  s|)ce- 

tnim,  ill  which  the  dark  lineB  of  tho  solar  s]>ectnmi  can  bo 

won,  bnt  these  lines  sro  much  more  prominent  din-in^  some 

cvlipees  than  during  othei'i.     TliiA  portion  of  the  »pcetriitn 

innct  be  due  to  reflected  stiidight.     It  would  seem,  tlierefore, 

that  the  corona  comprises  a  mixture  of  gOMOiis  matlor.shining 

by  its  owm  light,  and  |wrlicles  reflecting  tho  light  of  the  sun. 

Continued  oI>aervationfi  of  the  B|)ectra  of  the  varions  gases 
inrrounding  tlio  sun  bhow  a  much  greater  nnmber  of  lines 
tliati  Itftve  ever  been  seen  during  total  eulipees.  Mr.  Lockyer 
kiiDself,  by  diligent  oliecrvatiou  oxtentlitig  ovci-  several  years, 
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found  over  n  huiidi-ud.  lint  tlie  t;i'CKtc?t  advance  in  tliU  M* 
H]ie<.'i  wiin  iiiadt?  Lv  i*rufc«#ur  V.  A.  Vuiiii]^.  In  16T1  nn  Mtro- 
iioiiiivnl  expedition  was  tilted  out  by  the  Coast  SurveT,for  iIk 
jmrjiose  of  iBarniiii;  by  atlual  trial  wlietlicr  aiiy  trrimt  odvan- 
ta"i.-  would  bu  ^niiivd  bv  vftublirliini'  uii  obttvrviitvi'V  on  llw 
tiiMt  elevated  point  vi-oAsed  \>y  tbe  Facitiu  Railway.  Tliis 
jHjiiit  wa«  Sliei'inaii.  The  epL-c-troBcopit:  psirt  of  thu  expedition 
was  intmstod  tu  IVifuMur  Vinin^.  Altiioiigh  tiivi>e  was  a 
great  deal  of  cloudy  weatlier,  yet,  wlien  tLe  nir  waa  ulcar,  far 
lew  light  wufi  retlectvil  from  thu  sky  siirruimding  tliu  eiiu  rluin 
tit  lowvr  ultitiLdc»,whidi  was  a  givat  iidvaiicn^:  in  tlie  elndy 
of  the  funi's  anrroiinding^.  ri'ofeesor  Young  found  no  le^ 
tlian  21'^  bright  liuee  whidi  he  wa»  able  lo  identify  with  cer- 
tainty. The  prweui-c  of  inuuy  known  s.iib^tiineeis  e'^jfeciaUy 
imii,  niagnceiiim,  nntl  titanium,  is  indicated  by  tlieMj  linos; 
but  tlieiv  are  iiUo  many  linus  wliidi  are  not  kuowu  to  pertain 
to  aiiv  lenvfctrial  Bvibstance. 

§  0,  Pfii/sical  Constitution  of  Vit  Sun. 

Retpeoting  the  phyaieal  coiistitntion  of  the  6un,  iticre  aro 
Eonic  points  wliiuh  may  be  cstabliahed  nritli  iiioi«  or  le»  cer- 
tainly, but  l)iu  «nbje(;t  i^  for  thu  most  pail.  invoUct)  in  doubt 
and  obsi^nrily.  Sinee  llift  pi<(i[)eilie-'i  of  matter  am  tliu  same 
Gvcrywheiti,  tJio  problem  of  the  physieal  constitution  of  tito 
KUii  IK  Kfilvod  only  when  we  are  able  to  explain  all  solar  plie- 
noiiivna  by  lawii  of  p]iy.iiu»  wliidi  wo  see  in  oiwimtioii  aminid 
IIS.  The  fact  that  the  physical  laws  o{>crative  on  the  auii  rniiM 
hv  at  lva»t  in  agreenienl  with  thoM;  in  oiMM-atioil  Lerc,  is  not 
alwavii  I'cmenibGroil  by  those  who  have  fi|»eeiilated  on  ihu  enb- 
jeet.  In  stating  what  is  probable,  and  what  i&  poHiiblo,  in 
tlio  causes  of  ifolnr  plienuniena.  no  shall  begin  o»  the  otit&ide, 
and  go  inwards,  liecan^e  there  is  leta  dnnbt  aliont  the  0]>er»- 
tione  which  go  on  ontside  the  aim  tlian  about  those  on  lii»  »nr 
face  or  in  the  interior. 

Ak  we  approauli  the  sun,  tlic  first  material  enbslaiioe  vro 
meet  with  ie  thv  corona,  rising  to  heights  of  live  or  ten,  per- 
hn)isovonfiftceii,miiiiilus  above  his 8iirfaoc,tliat  ie,toa  height 
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of  from  Olio  to  llirt-u  lirinOrcd  llimistnd  inik-s.  Of  tliii;  r])- 
peiidn^  we  may  nay  wiUi  eiillre  coiitiileiicc  timt  it  tmiiDut  be 
an  ntmoepliero  in  the  eeiiee  in  wlik-li  tli»t  won)  b  coimnoiil)- 
nwil,  tliRi  is,  ft  (.xiiiliiiiioii«  ]tiH»«  uf  cWtiu  gns  held  up  by  iu 
cwii  eliLStic-itv.  Of  ilio  two  i-ciiioitt*  in  fnvaiof  t]ii»  duiiinl,  one 
ecciiis  to  me  aitiu«t  aiiicluEive,  tlio  oilier  entirely  M>.  They 
are  a«  follows: 

1.  Ontvimrion  on  the  Bun  »  about  ST  time*  a»  great  ha  oh 
tlio  van)),  and  any  gta  h  tliei-o  27  times  as  heavy  n«  liere.  In 
all  nlrno^{>liei>o  iiieli  Hinittiiti  i»  euni]>ri^s»ci]  hy  l)iO  wei<;lit  of 
all  tliC  fttrala  above  It.  Tlie  re&iilt  is,titat  lU  we  fp>  down  by 
Ntcveesirc  equal  stcpe,  t)ic  demity  of  tito  atmoB|iKei-e  increases 
in  ffcomctriea)  ))nigre»»t<>n.  An  nliiio»plierc  <if  the  Ii-;)ite4t 
known  gaa — liydro^ceii — would  double  iln  density  e^cry  five  vv 
teii  miles,  thon^li  liualcd  to  ns  )ii^h  a  tein|>erAtiira  as  is  likely 
1i>  c.xiitt  at  llic  Iteiglit  of  u  hiindt-ud  llioiimiid  miles  aliove  the 
sun's  enrface.  lint  tlieiu  ia  tio  u)ii>roxiiuHlien  iu  »iitili  a  rnpid 
increase  in  llie  density  of  llic  corona  as  we  go  duwiiwai'dH.  If 
we  ttii]>puM:  t)ic  (.-tii-uiin  to  be  Endi  an  atmoi^phon;,  wu  must 
siipiig»c  it  to  be  hundred*  uf  times  ligliter  tbitn  hydrogen. 

£.  The  great  comet  of  18W  passed  wii)iin  three  or  fotir 
minnlee  of  the  snrfnre  of  the  sun,  and  tlierefoi-e  direirlly 
tlirong)i  llio  midst  of  the  corona.  At  the  time  of  neaivst  ap- 
proach it«  velocity  ^\■^^*  3j0  miles  )>vr  »cuimd.  and  it  went  witli 
riciH-Iy  this  veWiiy  tlu'i>iin;h  at  lea#t  3UU,0U0  miles  of  vorona, 
Gaining  oitt  witliont  having  suffered  any  visible  damage  or 
retardation.  To  form  an  idea  wlint  woidd  )nivc  beeonic  of 
it  tiiul  it  cntHHiiitored  the  rareiit  eom-eivable  atmoBpherc,  we 
have  only  to  reticent  that  B)iuotii)g-stnrs  ai-e  instaiitiy  and  coin- 
plcloly  vfl))ori/.cd  by  the  heat  canned  by  tlii-ir  cnuunntor  with 
3iir  atmndpliere  at  lieiiflit-i  of  from  50  to  IDO  niili^;  that  i",  at 
a  height  where  the  aDiiosphero  entirely  ceases  to  retlei^t  the 
light  of  the  enn.  TliC  ^x■loeity  of  sIiooliiig-Ktars  is  from  ^0  to 
40  miles'  )>or  Rocond.  liinncinbcnng,  now,  that  reai^lain-c  and 
Iteal  irwroase  at  least  as  tlie  s<]iiare  of  the  velocity,  what  wonid 
lie  the  fate  »f  a  body,  or  a  collectinii  t>f  bodies  like  a  comet, 
pUMng  tlimngh  several  Imndicd  t)ioiiHaiid  mi)ci  of  the  rai-est 


266 


TBB  SOLAS  SrSTSM. 


atniogphero  at  a  rate  of  mer  300  miles  a  spoonJI  And  liow 
rare  iniiHt  «ucJi  nii  iitnioa|>)iero  bo  when  the  comet  pAsses  iivt 
oiily  witijont  deatnictioii,  btit  willioiit  lo«iiig  any  Kciieibto  ^-o- 
1ocit;I  Certainly  #(>  rare  as  to  be  entirely  invisible,  nod  iniA- 
pablu  of  )>i-odauing  any  pUysical  «(I(.-(;t. 

WIiBl,  then,  is  tlio  ooiviia  t  Probably  dciaclicd  particles 
partially  or  wholly  vajKniiti-d  by  llie  intense  beat  to  wliidi 
tboy  are  cxpowd.  A  mera  diist-paiticle  in  a  onbic  mile  of 
space  would  eliino  intensely  wliun  cvjiusod  to  audi  a  flood  of 
llglit  M  tlio  enn  ponr^  out  on  <'vory  Ixxly  in  bin  neigliborliood. 
The  difticiiU  qneAlion  whiuli  wo  meet  ii',  llow  arc  tliese  [>aili- 
ulea  beld  up?  To  tills  qneetion  only  eonjoctiiral  replies  can 
be  given.  Tliat  llic  parliirli-*  nro  no:  jwnnanently  bcUl  In  one 
position  is  shown  by  llie  fnet  llint  the  form  of  the  eorotia  id 
subject  to  gfoat  variations.  In  tbe  oulipeo  of  186V,  Dr.  Gonld 
rbun}{iit  bo  detected  variarion^  din'ing  the  Ibreo  niiinilcs  ibo 
eclipHU  lasted.  Tim  tlirco  coiijwtni^-s  that  have  been  formed 
on  tbe  Btibjeut  ai-e: 

1.  That  tliu  niiillcr  of  tli«  t-drnna  is  in  what  xve  may  mil  n 
stiitu  of  pivjjeclion,  bt-ing  t'onstantly  tlirovrn  np  by  tbe  snn, 
wliilo  cnob  particle  tlmn  projected  falls  down  again  accordinjj 
to  the  law  of  gravitation.  Tbo  difli<'nlty  wo  eneoinitcr  Iioro  i* 
that  wc  miisl  «ii]>poBC  volocilios  of  projection  rising  as  high  as 
200  miles  per  second  uonstantty  maintained  in  every  region 
of  the  solar  globe. 

2.  Tlint  tlie  particles  Uirown  ont  by  the  son  are  hold  np  a 
yreatei-  oi-  lesa  time  by  cloctricnl  ivpiiUion.  Wo  know  that  at- 
iimspboric  cloctricity  plays  an  active  part  in  terre*trial  mete- 
orology ;  and  if  electric  action  at  tlio  surface  of  the  ann  is  pro- 
portional to  those  physical  and  cbeinicnl  actions  which  we 
And  to  give  rise  to  electrical  phenomena  here  on  the  earth, 
the  dovolopmont  of  electiicity  there  mnst  be  on  an  cnormons 
scale. 

3.  TImt  the  ooronu  is  dno  to  eloitds  of  minnte  meteors  cir- 
cnlating  around  the  enn  in  tbe  immediate  vicinity  of  that  lu- 
minary. 

As  already  intimated,  none  of  tlieso  explanations  ia  much 
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Btler  tliaii  a  coiijcutiii'e,  Iiiuitgh  it  is  quite  [iioliftblL*  tlint  lliu 
facte  of  the  uaw  sra  dtvitled  eoinewlieiu  aiiioii^  tliein. 
I  Next  iti»i<Ju  llic  vomiia  lies  the  clirotiiofphcre.  Ifcro  vets 
rcncli  tlie  trite  atitioi>|>)iei'e  of  tlie  »nn,  mirig  in  goiiernt  n  few 
6Gvo>iOa  above  liis  surface,  but  now  and  then  prajcctccl  n)i- 
war<ls  ill  iiiiiiioiipu  ninssc*  wliidi  wo  niigbt  call  ilaiiK'.  if  llii.' 
word  were  not  uiitJielj'  iimdeqiiale  to  coiive}'  any  coDoiiMion 


E  Vm.  Tif.— Tbv  Mir;,  ul[f»  1(1  ilinifiiiifrticrti  niid  tvJ  t\Amrt.  on  Jaiy  VEil.  Ibtl.  ua  itfu«ri  tre 
iiK<IiL    Tile  n,-nnM  iiir>fK  iho  flnnio.  IT  In  DUinbn. 

of  tlie  ctiorii)oii8  kciiIc  on  wliiirh  tlicrmal  action  i*  there  car- 
ried on.  Whnt  we  call  tire  and  Hame  are  re^nhfi  r>f  1inni< 
in^;  but  llio  gases  at  the  RinfaL-e  of  the  enn  are  already  eo 
hot  tliat  binning  is  not  |iu6ei1ile.  IIy(]i'(>fi;eii  is  the  prinvijial 
ntaterial  of  the  ii|i|ier  |>art  of  the  chronioflj>herc ;  but,  as  we 
Oi-ecend,  wo  find  tli«  \'a|>o[»  of  a  «jent  nnmlHrr  of  motal«,  in- 
cluding iron  and  inagnvftinin.  At  tlie  baw,  whore  the  inelsls 
•re  most  nnmerons,  and  the  density  the  pitalcst,  occnrs  tbe 
Bbaorptioii  of  the  sohir  rays  whieli  <.-aiiM;»  Ilic  dark  line*  in  the 
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speetmm  alroadr  described  (\>.  225V  Tliis  seems  satUfftclori-' 
\y  ^i-aveA  by  mi  olR^rxnliuii  uf  l'i-ofe«Mr  Voting's  dnriiig  llie 
ecli]ise  of  1870,  in  Sp«in.  At  (he  iiioiuent  vi  disnpjicaranco 
of  ttio  lact  rar«  of  eiiiiligltt,  wlifii  I)g  liml  a  g|jiii|>^  of  iWe 
hoie  of  l)>«  chroiiiouitliere,  lie  mw  nil  tlio  spc-vtml  liiic!>  re- 
\-erscd ;  dint  is,  they  u'em  bright  litiee  on  a  diirk  ground.  Tlie 
\'a{K>r«  which  absorb  ci-rtniii  riiys  of  tliv  light  which  \^ 
tbioiigli  tliviii  fmii)  lliu  ^1111  then  uiiiittcd  those  euiiie  raj 
wlieli  the  Bunliglit  was  cut  off. 

The  most  asluiiiehiiig  ]>IiciJomi,>na  coniicL'teil  «ilh  the  uhro* 
niofphcrc  arc  thoHC  oiitbmvi»  of  ju  iimtter  which  form  the  jiro- 
tnlicraiKWf).    The  Iiilter  are  of  two  clai«e«— the  eloiid-liku  and 
the  eruptive.    The  Hr^t  ulu^s  prtaeiits  the  np)>onr]iiK-o  of  cloiidtj 
flouting  iti  an  aniiu(ii>hei-u ;  but  a^  no  Htmu»i>)iero  dense  enough 
to  »ii8tniii  anything  vaii  iK>«»ibly  exist  Ihorc,  wo  find  ihe  samo 
difficulty  in  accoimting  for  them  llint  we  do  in  nc<x>nnting  for 
the  0ii»{>ei:sion  of  the  matter  of  the  onivna.     In  fnet,  of  tim 
tlii-ee  conjcotnral  ox|ilsimtioiis  of  the  corona,  two  arc  inailnii»- 
siblo  if  apj'livd  to  the  ])rotnhi>rftnee»,  »iiiiM3  tlicso  elotid-tike 
bodkw  soinoliine^  reuiiiin  iit  real  too  long  to  be  »u|i)>oied  mov> 
ing  iiiuler  the  inflnence  of  the  enn's  gravitation.     Tins  leavn 
the  elertricnl  exiditiiiition  .is  the  oiity  iidrfiiintc  one  yet  bi-oiightJ 
forwni-d.     Tlio  crujuivc  protnlieriiiiccf*  Msoin  to  be  due  to  tlittj 
projection  of  hydmgen  and  inagneeinm  vapor  from  the  rcgioaj 
of  the  eliromo^phum  witli  velocities  which  sometimus  rise  tol 
150  miles  a  second.    The  ernpcion  may  eniiTinno  for  Iionr»,  ori 
•ren  diiy».  tlio  vapor  spreading  out  into  great  massed  tlionsaitds 
of  miles  in  extent,  and  then  f.'illin^  bad;  on  the  cliroim>»phore., 

Is  it  po»iibIc  to  pi-cscnt  in  hmgittigt!  any  itdeciimtv  idea  o( 
the  M'nlc  on  which  niitnral  operations  are  here  carried  on  (  If 
we  call  liie  cln-omoBphere  an  ocean  of  fiiv,  we  innsl  remember 
tliat  it  is  an  ocean  hotter  thun  the  f!erec«t  furnace,  and  it»  deep 
as  the  Atlantte  i«  broail.  If  we  call  its  movements  hurricanes, 
we  miiflt  remember  that  om-  liurricanes  blow  only  sbont  a  hiiit- 
drcd  miles  an  boar,  while  thoKC  of  the  eliromosphere  blow  h 
fi\r  in  a  single  tccotid.  They  are  snub  hurricanes  as, "  coining 
down  upon  lis  from  the  noi-th,  wonid.  In  tliirty  seconds  after 
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they  Tiiid  croesed  the  St  LAwrentse,  Ijc  in  tlie  (tiilf  of  Mexico, 

tarrvirit;  with  tliciii  Uio  wliulo  fiiirfut-x*  of  tliu  t^^oiitiiicnt  in  a 

iiuiw,  iH)t  Mtiiply  of  mill,  liut  of  /^lowing  vnpor,  tii  wliidi  ilio 

vnpors  arising  from  the  diesolution  of  the  materials  coinjwsjiig 

tliu  vitius  of  l!ii»ton,  New  Vui-l;,aii4]  Cliictigo  would  bu  mixed 

in  a  tiiiffle  indi»ting(ii»liMUe  cloud."    Wticii  vre  speak  of  eni]>- 

tioi)s.\ve  call  to  mind  Veeuviiis  Imi-yiiig  the  enri<oandin|;  cities 

in  lava;  biit  the  nilnr  ernptiuti^,  thruwn  lifty  llioiisand  miles 

hi^Ii,  woiila  ingulf  the  whole  ennh,  nnd  di^^solve  every  nrgnn- 

ixed  heiiig  on  its  snrfaee  in  a  inomciit.    When  tlie  incdiieva] 

{wets  SDiig, 

"  X>iw  int,  Jici  illii 
twlici  MDclum  in  raiiltH,* 

they  gare  rein  to  their  wildest  imagination,  wtthont  reaching 
any  oouceptioii  of  llio  magnitiidu  or  tiercvness  of  the  llnincs 
aniiitid  the  eim. 

Of  t)ie  corona  and  dironio^phei'e  the  te1p«cope  oi'dinarily 
sliows  lis  nothing.  They  are  visible  only  during  total  ecli]iecH. 
or  by  the  aid  of  the  i«|>wtixi«cy[)C.  All  we  tvc  with  the  eye  or 
the  lele4eo]>e  is  ihe  shining  »iirfai:e  of  the  »iin  ttalled  rhe  pho- 
Ioeplicro,ou  which  llio  vhromncphcre  re^ts.  It  is  this  wliicli 
ladialca  both  Ihe  light  and  the  heat  which  lench  us.  The 
o]iinioit*  of  Btndenl^  itvpoetiiig  the  cuiistitntion  of  the  phuto- 
Bphere  are  so  differeni  that  it  is  hardly  )>o#8ihle  to  expi-o^  uny 
views  that  will  not  l>o  challenged  in  some  (inarter.  Alihongli 
a  contrary  opinion  is  held  by  many,  we  may  vctitiim  to  say 
that  llie  rays  of  ]i£;ht  nnd  lient  »ccm  to  oonie,  not  from  a 
bnt  fnjm  solid  matter.  This  i?  :ndicated  by  the  fact  that 
Ir  t>{>eutri]m  is  eontiiiiion?,  and  mIhj  by  the  iiilenKity  of  the 
light,  which  far  e.^ceeds  any  that  a  ga»  htw  ever  been  made 
to  give  forth.  It  d<wa  not  follow  frniii  tliis  ihnt  the  photo 
sphere  is  a  coiilimtuiis  »oIid  or  crust,  i^inc-c  floating  partielce  of 
solid  matter  will  shine  in  the  «inie  way.  The  ffencrnl  opinion 
has  been  that  the  i»liotiisphere  is  of  a  clondlike  natni-o;  that 
it, of  minute  particles  lloaliiig  in  an  nimosphere  of  hunted  gases. 
That  it  is  not  continiunisly  solid  like  onr  earth  eeemcd  to  be 
fallvsliown  hv  the  variations  and  motions  of  the  spots,  which 
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\iK\e  ov-vrj  appcamiico  of  going  on  in  a  iliiid  or  gae.     Iiid«*4v 
of  late,  aonie  of  t)ie  tnoKt  eiuiiicut  plivsicists  rc^ixl  it  »a  pure- 
ly ifnseons,  t]ie  jiressiiiij  ii)ak!ii^  it  sliiiio  liko  a  solid. 

lint  iJiia  lliiMiy  in  ultciiilud  with  it  <Ht1iciill_v  wliivli  lias  not 
been  suffiuieiitly  voii>idei«d.  Tlie  photoepltei'e  is  in  Atriking 
contrast  (o  ilic  gaficotis  cIn'omoBplioic,  in  being  subject  to  na. 
<teii«il)lc  eliuiigui  of  level.  If  it  wviv  giuvoiu,  as  suppoMd,. 
tlie  aolid  parti<:Ie»  linvirig  no  connection  wiili  eauh  otJier,  w« 
should  expect  tlioeo  violent  ernptions  wliieli  rlu-ow  np  the  pro- 
luberanees  lo  curry  \i\>  iKirtioni^  uf  it,au  tliut  it  would  now  and 
then  preseTit  nu  irre^ilnr  and  ja^ired  onlliTie.iut  tho  chiomo- 
«plieru  does.  But  iho  inmt  i-cKned  observations  have  never 
Miowu  it  lu  bo  eiilijoct  to  thu  t>lightL-»t  change  of  level,  or  dttvi- 
ation  from  perfect  roltuidiiy,  except  in  the  i-ej^ion  of  the  e)tot^ 
where  its  continnity  eeeins  to  be  broken  by  ininiciise  cltfum- 
like  oponings. 

Tho  serene  ininiohility  of  tlic  plit>loti]ilierc,  under  sneli  vio- 
lent actions  around  it  n»  we  have  described,  \ciuU  eotno  color 
to  the  supposition  tlint  it  is  a  solid  ernst  which  foitns  around 
iho  glowiTig  interior  of  tho  sun,  or,  at  least,  that  it  is  coroj 
of  II  eotnimniti^ely  den«e  tlnid  resting;  iipun  hiicIi  il  ern»t.  Tito 
tatter  is  liie  view  of  Z<'jllner,  who  eon^idera  some  sort  of  nil 
envelope  hotn'oen  tlio  exterior  and  tlie  interior  of  the  snn  ab- 
foliitely  ncecuar)'  to  aeeonnt  fur  the  eruptive  prolnbomnc 
lie  plnces  this  solid  cnveIoj>e  three  or  four  thousand  miles 
low  the  surface  of  the  pliotosphoro. 

Inside  tho  photosphci'o  wo  havu  the  enormous  interior 
globe,  S60^000  miles  in  diameter.  The  be«t-sn»laincd  iheorjr 
of  the  interior  is  the  stftilltng  one  that  it  is  neither  solid  nor 
iiqnid,  but  ^aseontt:  hu  that  uur  groat  luminary  is  notJiinji 
mora  than  an  innneiise  bubble.  Tlie  prasaui'e  npon  the  inte-^ 
rior  ])ortions  of  this  mass  is  sueh  as  to  rednce  it  to  nearly  the 
density  of  a  liipiid;  while  the  Icmpergitiue  is  eo  liigli  ns  to 
keep  the  substances  in  a  ^Tiilc  which  i^  between  the  liquid  nitd 
the  gascou::,  and  in  which  no  eheinieal  action  is  poesiblo.  The 
ttrong  point  in  Knp]H>rt  uf  this  ga»con»  theory  of  the  sun's  in- 
terior is.  that  it  ia  the  only  one  which  ex|ilains  how  the  snu'a 


riBtrs  OS  TOE  fbtswal  coxstitctwx  of  the  SUX.  £TI 


[light  und  L(iit  An?  kept  ii]>.     How  it  does  tliU  will  bo  shown 
1  treating  of  the  lawa  whidi  govern  the  secular  ubanges  of 
the  univei'se  at  laj^. 
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7.  Views  of  Dietuvjuielted  Stadenis  ff  the  Sua  on  Ute  Subjtct  uf 
its  Ph^kal  CunstittUton. 

Tlie  prog^ress  of  our  knowledge  of  the  miii  during  the  paat 
ten  vcsrs  ban  beeii  i*>  rapid  that  oiilv  thoAe  uiii  (.-iiniplctolv  fol- 
low ic  who  mnko  it  the  prinuipal  biieiiieee  of  their  lives.  For 
the  mine  reacon,  the  views  ix-«pectin^  the  »nii  cnturtaiiiod  by 
ttioee  who  are  engaged  in  6tiidviiig  it  must  l)c  rntxlitied  and 
extended  from  time  to  tJine.  The  interest  which  neceeeariljr 
ilicx  to  the  pliv^icnl  eonnro  of  all  llfu  niid  motion  on  our 
retideiB  tlie  niillioi-  d<!«imu8  of  pi-etenting  thcsio  vicw»  to 
lis  readers  in  their  laleat  form  ;  and,  through  the  kindness  of 
(cvL-rul  of  tlie  moKt  eniincnt  investigator!)  of  eolar  phv§^ii's  now 
living,  he  is  cnabli-d  to  gratify  that  de«irc.  Tho  following 
uateinents  ai-e  presented  in  tho  Inngiinge  of  tlictr  respective 
anthore,  except  that,  in  the  caw  of  Messi-s.  Secchi  and  Faye, 
t>iey  arc  translated  from  tlic  Froneli  for  tho  coiivvnicnee  of 
the  English  reader.  It  will  bo  noticed  lliat  in  eotne  minor 
pointA  they  differ  from  eaeh  oilier,  as  well  aa  from  thofw  which 
the  author  has  exproswd  in  llie  preceding  section.  Such  dif- 
fcreni'oe  are  unavoidable  in  tlio  investigation  of  m  diflieiilt  a 
aiibjeet. 

Vieus  of  the  litv.  FuOttr  Seer/n. — "  For  me,  as  for  every  one 
cIeo,  tlic  enn  is  an  incandescent  body,  raised  to  au  enormous 
tcmi>eraiiirc,  in  which  the  snbfttnnces  known  to  onr  ohcmiflta 
and  pbysicUls,as  well  as  several  other  suliAtaiioes  still  unknown, 
am  in  a  stale  of  vapor,  healed  to  such  a  degree  that  its  ^poc- 
trom  is  coiitinnoii»,  either  on  aeoonnt  of  tho  prt^Giire  to  which 
the  vapor  is  subjected,  or  of  its  high  tenipcmturc.  This  incan- 
descent  tmuK  ts  what  eouslitules  the  photosphei-e.  Its  limit  is 
defined,  ns  in  the  case  of  ineundeseont  gsses  in  geiieml.  by  the 
temperatare  to  which  the  exterior  layer  is  reduced  by  its  free 
ndiation  In  8{>aco,  together  with  the  force  of  gravity  exert- 
ed by  ttu)  Iwdy.  Tlic  photoeplierc  protents  itself  as  coin[>OKed 
N  1J» 
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of  Hnall,  bi'illinnt  granuklions^  gcparaicil  l>y  a.  dark  Dot-woric 
Tiiuev  fi;miiiilaltoit«  nru  only  lliu  suiniiiiu  uf  lliu  tliiioia  vrliidi 
conMitiito  tlieiii,  ntid  which  ri»o  sltove  tlic  luwer  nbsorbiii; 
layer,  wb)c}i  forme  tlic  not-work,  as  vrn  eball  soon  more  clearlj: 
see. 

'*  Aljovo  ihe  iihytospheric  lavcr  liw  an  atmosphere  of  n  very 
co]i)]>icx  iinMii-c.  At  ite  base  are  the  lieavy  metallic  vapore, 
at  u  lciii|)CTHtnrc  which.  Uuiiig  less  uluvatviJ,  iiu  longer  pcrniiti 
tlie  e[iiiii»toii  of  light  witli  a  <:oiitiiiiioii8  e[>eutriim.  ahliougli  il 
is  euflicieiit  to  give  dii'eut  s)>ectm  with  brtlliaiu  liiio6,  whidi 
may  bo  observed,  diuijig  (utul  tidi]>»(M  of  the  ami,  at  iu  limb. 
Tliis  larvr  is  extremely  thin,  Im^iug  a  depth  of  only  one  ta 
two  ecc-<iid«  of  aru.  Accotxlin;;  to  the  law  of  aWirplioii  laid 
down  by  Kirclilioff,  \\\,e^  sapifiis  ubt^jrb  the  mys  of  the  epec- 
tj-uiti  fi-om  the  light  of  the  photosphere  which  )>aMes  tlirougli 
tliem,  thus  givinj;;  rise  to  the  bi-caks  known  as  the  Knimdiofvr 
dark  lilted  of  tlic  eoliir  ^poctinin.  These  va|)oi'8  nvu  mixi-d 
with  an  eiiorinotia  rjuaiitity  of  hydrogen.  This  pu  \a  prceeiil 
in  8iii-h  a  4]iianiity  that  it  rieea  considerably  above  the  ortter 
layer,  and  furina  an  envelope  rising  to  a  lieiglit  of  from  ten 
to  sixteen  seconds,  or  c\'cii  more,  which  coiifttittiles  what  wo 
call  tliQ  (dironioaplicre.  This  hydrogen  is  always  mixed  with 
ADOthor  substance,  proviiiionally  culled  lidium,  wliicli  forms  tl>e 
yellow  line  />,  of  the  8]>cctnini  of  the  protuberance^  and  n-ith 
anoltier  eilill  rarer  substance,  whioh  gives  the  ^reen  line  1474 
A'.  This  Inst  substance  rises  to  a  mndi  greater  de\-alion  titan 
the  hydrogen ;  bnt  it  ia  not  so  easily  seen  in  the  fall  son  as 
the  latter.  Probably  there  U  muto  other  snbetancc  not  yet 
well  delormincd.  Thus,  tlio  substances  which  compose  ihia 
BO]ar  envelope  appear  to  bo  arranged  in  tlio  order  of  th^r 
density ;  but  still  withnnt  any  well-deflned  reparation,  ttio  dif- 
fusion of  the  gHsos  producing  n  consliint  mixture. 

''This  atmosphere  becomes  visible  in  total  eclipses  in  tlw 
form  of  the  corona.  It  is  very  dil^cnlt  to  fix  its  absolntc 
height.  Tlic  eclipses  prove  that  it  may  reach  to  &  height 
eqnal  to  the  solar  dinnicler  in  its  hij^hc^t  |>ortions. 

**  No  doubt  it  extends  yet  farther,  and  it  may  well  be  oou- 
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ncc-tcd  will)  UiG  zo<3in<.-a1  liglil.  The  visible  layer  nf  this  at- 
iiio^phoi'c  is  nut  splii-i-ical ;  it  U  liigbcr  in  middle  lalitndM, 
near  furty-tivo  dcgree«,  tliiiii  at  tlm  equator.  It  is  iitill  more 
depressed  at  tlte  \w\^6.  At  tlie  baeo  of  tlie  cliroiuoqthei-e, 
tbo  bj'dix^n  hn*  tlio  shape  of  imall  itamvs  comjKMcd  uf  vcr; 
tJiin.clrMc  tilnriivnU  whicli  seciii  to  corrcepoiid  to  the  grniiu* 
lalions  of  tlie  |i!iutop|iborc.  During  periods  of  tranquillity 
tliv  diroclion  uf  l!ic«u  filaiiicut^  is  purpvtidicular  to  tliu  vulitr 
uii'facG;  but  during  periods  of  agitalioti  tlicy  are  gctierallj 
more  or  It^  indiuod,  and  often  directed  eyetcnrntically  tow- 
ards I  lie  pule«. 

"Tbe  body  of  tbe  eim  is  never  in  a  atnte  of  abaoliite  rc|)oee. 
Tlie  various  Enbstanccs  coming  together  in  (ho  interior  of  tJie 
body  tend  to  combine,  in  coiii«(pieiiec  uf  their  affinity,  and 
Deocasarily  produce  agitations  and  interior  movements  of  every 
kind  and  of  gi-cat  intensity.  Ueuoe  the  nitmeroiis  crises  uhidi 
tliow  theiusclvcn  at  the  Burfacu  ihrunfi^h  the  clv^'aliun  of  the 
lower  strata  of  tbe  atmosphere  by  eniptioiis,  and  often  by  act- 
nal  expliifiionB.  Then  tlio  lower  metallic  vapors  are  prnjeeted 
to  cuiii^idcrable  heights,  hydrogen  capociKlly,  at  an  olovution 
visiblo  in  Uio  spectroscope  (in  full  ennliglit)  of  ouc-fourtli  the 
eolar  diameter.  T)ic»c  mosses  of  hydrogen,  leaving  tlio  pbo- 
toipliere  at  a  tomperatui'e  higher  than  that  of  the  ali>tu«phcro, 
riso  to  the  superior  regions  of  the  latter,  remaining  suspend- 
ed, diffusing  ihftiiiscivM  nt  eoiMidorablc  clcvatioiw,  and  form- 
ing what  are  called  the  promincnncs  or  pmtnbcrAnccs.  Tlui 
Etracturu  of  the  hydrogenons  protuheranoes  is  eutiiely  simi- 
lar to  that  of  ilutd  veins  raising  themselves  from  dcnM>r  layers, 
uid  diffusing  in  the  more  mrc  ones:  but  their  cxtrL-mc  vaiia- 
bility,  e^~cn  at  the  base,  and  the  rapid  cliangesof  the  place  uf 
exit  and  diffusion,  prove  that  they  do  not  pius  through  any 
orificu  in  a  ttulid  misting  layer. 

"These  eruptions  arc  often  mixed  with  columns  of  metallic 
vapors  of  greater  density,  which  do  not  attain  tlio  elevation 
of  tbe  hydrogen,  and  of  which  the  uatiiro  can  be  recognized 
by  tbo  aid  of  the  spectroscope :  occasionally  wc  tec  them  fall- 
log  b«ck  on  the  6un  in  tlie  form  of  parabolic  jets.    The  meet 
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oommon  tubstuiccs  nro  sodium,  mogtimiuin,  iron,  cakiiim,  eta 
— indeed,  the  eame  substaiicea  whidi  ure  6ccii  to  lunti  rim  low, 
absorbing  layer  of  tlie  eular  stmoBpltere,  and  whigh  hy  tlicir 
sbearption  produce  tlie  Friiinhofcr  liiive.  A  ris^uiioiifi  and  iu- 
evitabte  consequence  of  tlieiie  conditiono  is  tlic  fact  timt  wlion 
tlio  mafis  time  elovaled  U  carried  by  ibc  rotation  of  tlio  tan 
between  tlio  pholo»]ilierc  and  tlic  03*0  of  tlie  observer,  tlic  ab- 
sorption becomes  very  Aonaiblc,  and  (iroditces  a  d%rk  £{>ot  on 
tliu  pliotoepliere  itself.  Tlio  metallic  absorption  Uncc  are 
tlieii  really  wider  and  tnuro  diffused  in  tbis  i«^ion;  and  if 
the  elevated  mass  is  liigb  and  dense  cnoiifjli,  wc  i^im  cvun  see 
the  re-rovt'i«il  of  the  lines  already  reversed;  lliat  is  to  esy, 
wc  can  ii'v  the  brlglit  linnt  of  the  enbslanvo  ileclf  on  the  baek- 
g7X>nnd  of  the  spot.  Tliis  often  hnpjK-im  for  liyilr<>;Li^-i>,  whieh 
rises  to  a  groat  height,  and  also  with  sodium  and  itiagiMsitim, 
wliidt  inctnU  have  tbe  nire«t  vnfioii^.  Ilonc,  then,  we  have  thi* 
origin  of  the  Holar  sjiot«.  Tlicy  arc  formed  by  masses  of  »b- 
■orbing  sapors  whiuh,  bronglitoiit  from  the  interior  of  tlio  snn, 
and  interposL'd  between  the  photoepliei-e  and  the  eve  of  iho  ob- 
server, prevent  a  largo  part  of  the  light  from  reaetiing  onr  eyes. 
^Biit  l1ie«o  vapors  arc  heavier  than  the  siirrunnding  mass 
Into  which  ihoy  have  been  thrown.  They  thorefom  fall  by 
tlieir  own  weight,  and,  tending  to  sink  into  the  photo«phoro, 
prodncG  in  it  a  sort  of  cavity  or  basin  tiiled  with  a  darker  Mid 
nioi-o  absorbing;  inn*«.  Ileneotbe  n«peel  nf  n  cavity  recognized 
in  tlio  KpotD.  If  the  emplion  is  instanla»cM)iis,or  of  very  Hhort 
duration,  this  vaporous  mass,  fellon  baek  on  tlic  jiliotoepliere, 
10011  becomes  ineaiidcscent.  reheated,  and  dii»olvcd,  and  the 
ipot  rapidly  dia&p]>ciLra ;  but  the  inlenor  crises  of  the  body  of 
ihe  Bun  may  be  continued  a  long  time;  and  the  crnption  may 
nainfain  itfivlf  In  the  miuio  plui-e  during  two  or  more  rotatloOB 
>f  the  fliin.  lienee  (be  pcrsisteneo  nf  tlie  spots ;  for  ttie  cloud 
can  conttnno  to  form  so  long  and  so  fast  ae  the  photosphere 
dissolves  it,  as  liappons  with  the  jets  of  vapor  from  our  vol- 
uiuiocs.  The  eruptiona,  when  about  to  tenninatc,  may  be  m- 
Tjved  and  reproduced  several  times  jicar  the  same  place,  and 
give  rite  to  spots  very  vaiiablc  in  form  and  position. 


rtsn-s  oy  tbe  pbtsical  cosatiwrioir  of  tbb  ami. 

'*The  spots  aro  formed  of  a  central  icgion,  culled  the  nn- 
deuB,  or  umbra,  and  of  n  enrroiitidiDf;  part  lees  dark,  L-alk-O 
Uio  pen  umbra.  The  latter  U  rently  forini-d  of  tliiti  dark  v«il«, 
and  of  tilamonte  or  ctirrcntd  of  pliutoi^pheric  matter  whieh 
tend  to  oncroovli  ii]»on  tlio  dark  laasA.  These  currents  liitvc 
lite  form  of  tongues,  often  comiiosml  of  glohiilar  inaseon  look- 
ing like  strings  of  beads  or  witlon-  lc«ve«,  and  cvidenily  are 
oulv  the  <;raintt  of  the  plioto»i>Iiere  precipitating  tticmscU'fla 
towards  the  centre  of  tlio  spot,  and  somctitat-s  crodoing  it  like 
a  bridgu. 


/> 


/?. 
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Pl-l.  II.— IlIuilmUMi;  S<--(hl*i  !hcirx  "'  -"I'lt  'pril., 

*In  endi  spot  we  ni>i»t  distinguish  three  periods  of  exist* 
ence:  tlie  first,  of  formation;  the  second,  of  rest;  the  third, 
of  extinction.  In  the  first,  the  photospheric  mass  is  ratecd 
and  distorted  by  a  f;ieat  agitation,  often  in  the  natni*  of  n 
vortex,  which  clovntes  it  all  around  the  Howing  streams,  and 
forms  irregular  vIcvaiioiiB,  cither  without  pennmhra  or  n'ith  a 
very  irregidar  one.  These  irrcgnlar  tnovcniciits  defy  detcri|v 
tion:  tlioir  velocities  aro  onormons,  and  the  agitated  i-egion 
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oxtcnds  iuclf  over  Hcvcml  i^qiiarc  degree*;  but  this  u|iliim- 
ii)g  soon  vonies  to  &n  end,  and  tlie  agitation  slowly  auWdcA, 
Knd  is  siicceedud  \>y  c-alm.  In  tlio  ecconO  period,  tbe  agi- 
tated ftiiil  olcvated  tiiaMt  falls  bauk  agtun,  nnd  lends  to  com- 
bine iti  iiiasaea  moi'e  or  lees  circular,  and  to  sink  \ty  its  weight 
into  the  surface  of  tlio  pIiotoBphoi-c.  Ileiicf  the  depreased 
form  of  tlio  pliotuephcrc,  rcftoniMiiig  a  fiuiiiv),  and  lite  numer- 
ous cui'i'ents  wliicli  come  from  each  point  of  the  t:irciinifLTCQCO 
to  rnsl]  upon  tliis  oliecnro  wase ;  but  at  tlio  same  time  the  oon- 
Iraat  between  it  and  tliu  Hiitwiancc  ie»iiiiig  elill  pcr^iels.  The 
spot  tako«  n  nenrly  fltabte  and  circular  form,  a  contrast  which 
may  la&t  along  time— bo  lung,  in  fact,  as  tlio  interior  actiomof 
tlie  eolar  glubu  fnrnUh  new  tnnleriaU.  At  lnugth,  tho  Utter 
ceasing,  tho  eruptive  action  languishes  and  i»  exhnuMcd,  aud 
tlte  absorbing  mass  invaded  on  all  sides  by  the  pholosi>here  is 
dissolved  and  absorbed,  and  tlie  oiKit  di«t))|)cars. 

"Tlie  existence  of  llicse  ihi-eo  pliai>cs  i»  esiablrehcd  by  tlie 
comparative  stndy  of  tlio  spots  and  ernptions.  When  a  sjM 
is  on  the  ttnn's  horder  diiniig  iu  tit«t  jioHod,  alilioniith  tlie 
dark  region  is  invisible,  its  jxeilion  is  indicated  by  eruptions 
of  mcialtiu  vapors,  if  tho  sput  bo  considomblo.  On  the  dark- 
est ones  the  vapors  of  sodium,  iron,  and  nm^iicsinm  ara  seen 
in  the  greatest  qnantity,  and  raiacd  to  groat  heights.  A  calm 
and  circular  spot  is  crowned  by  beautiful  facnhe  and  jots  of 
hydrogen  nnd  metallic  vapors,  vcr^'  low,  though  quite  brilliant. 
A  «pot  whiuh  is  on  the  point  of  closing  np  lias  no  metallio 
jets,  and  at  the  utmost  only  a  fow  small  jets  of  hydrogen,  and 
a  more  agitated  and  elevated  chromosjilicre.  Besides,  obser- 
vation tcadie»  that  llic  erni>tion»  in  genend  accompany  tho 
spots,  and  that  they  are  <]c(icicnt  at  times  when  tlio  spots  are 
wanting.  Tims  tho  solar  activity  is  mcnsui-cd  by  the  double 
activity  of  eruptions  and  spots  whidi  have  a  common  souroe, 
and  the  spots  are  really  only  a  secondary  phenomenon,  de- 
pending upon  the  eruptions  and  the  more  or  Ices  alioorbing 
quality  of  the  niatoriaU:  if  the  cruptod  matortals  were  not 
ab*orbont,  we  could  see  no  spots  at  all. 

"The  eruptions  composod  simply  of  hydrogen  do  not  pro 


rigiFs  OS  THE  PHYSICAL  coysTtTUTioy  OF  TBS  svy.  277 


I 


dnce  epots;  thns  Uiev  are  seen  an  all  |»oiiite  of  tlie  OUk,  while 
the  epotfl  are  limiled  to  Uio  tropit-al  xoiics,  wIrto  alone  the 
metallic  uni])tiuii«  H]>)>cftr.  Tlio  eruptions  of  »iiit]>le  hvOro^ii 
give  rite  to  the  fiiuitln?.  The  greater  brilliaiit-v  of  the  fuunlte 
IB  dae  to  two  causes:  the  Ki-st  i»,  tlie  ctcvntiou  of  the  ])hoto- 
B|)bere  above  the  ahfiorbiiig  etj-ntom  uf  vapor  whic-h  iit  very 
tliin  (only  one  or  two  set-oiid^  of  nix.Mts  vro  liave  Ijcforo  said); 
this  elevated  reojon  thns  e9c-a]tca  the  nhjvorj>tioii  of  the  louxr 
slnttiiin,  and  a]i]>eai-£  mora  brilliant.  Tlie  other  cause  may  l>e 
tliat  tlie  hydrogen,  iti  ooiiiiiig  out,  displaces  the  abBorbin^ 
Mrntnin,  and,  taking  the  pla<;o  of  the  iiictnllie  vapors,  ]iermitH 
a  bettor  view  of  the  hghl  of  the  )>hoti)6j)here  itself. 

*'Thiis,inoouelu«ioii,  theepot«are  n  se<.-oiidary  phonomunoii, 
bnt,  nevertheless,  inform  iia  of  the  violent  criHet  whiuh  pre* 
vail  in  tlie  interior  of  tlio  radiant  globe.  The  frctiiiency  of 
tlio  spots  eorrctpondiii^  to  the  frequency  of  crnptioiis,  the  two 
phenomena,  taken  in  eoniiection,  are  the  mark  of  solar  ncliv- 
ity.  The  6()ot6  ocoiipy  tho  lones  on  each  side  of  tlie  solar 
equator,  and  rarely  paso  beyond  tho  paraIk-1  of  thirty  dc^'rces. 
One  or  two  wen  at  forty-tivo  degi«es  ai-e  cx<-e])tion«.  That 
parallel  U  therefore  the  limit  of  greatest  activity  of  the  body. 
It  ia  remarkable  that  the  parallels  of  thirty  dcgi-cos  divide  the 
liemispheres  into  two  ircctors  of  c<]nal  volume.  Beyond  these 
parallels  wo  sec  faciiliv*.  but  not  rnte  spota— or,  at  moat,  only 
veiled  apota  indicative  of  a  very  feeblo  metallic  eruption. 

"Suclt  a  daid  mass,  in  whieli  Ihe  pftrtK  arc  ox|>om»1  to  very 
different  tempcratnrea,  conld  not  aub»iiit  withont  an  interior 
dronlation.  We  do  not  yet  know  its  laws;  but  the  following 
facts  arc  well  onougti  established  :  the  zones  of  spots  nra  not 
fixed, but  liAvc  a  progresaira  motion  fmm  the  equator  towards 
tlie  polce.  The  spots,  arrived  at  a  certain  high  latitnde.  cease 
to  appear,  hnt  after  some  time  reapi)CRr  at  lower  latitudes, 
and  afterwanU  go  on  anew.  Between  thvwj  phniKis  I'f  dis* 
placement  tliere  is  commonly  a  minimrim  of  spots.  During 
periods  of  activity  the  proti]boranc(4  have  a  dominant  direc- 
tloa  towards  the  pole,  as  also  the  flames  of  the  chromosphere. 
Tilts  indicates  a  genei-al  movemuut  of  the  pliutosplici-v  from 
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tha  equator  to  Uie  poles.  Tlii»  movement  U  sttpiiortcd  by  tTi« 
dUplBcement  o£  the  zonae  of  cniptiou  and  of  tlio  protuber- 
ances, which  &lwaj-«  sociii  to  move  (owardii  Uto  pvtue. 

"  Besides  tliiii  tuQveiiieiit  in  Intitudo,  tlta  pbolosjiticrc  luu 
aUo  A  tooveiui-iit  in  longitude,  wliich  is  greatest  at  the  equa- 
tor. Tlii»  tlio  lime  of  i-utatiuii  of  tlm  hudy  is  diSorcnt  npuu 
di£Fei'cnt  parallel,  the  tnininiuin  being  ut  tlie  equator.  Tliuso 
plieiioiiicna  lead  to  tlio  concUisioti  tliat  llie  entire  luoss  is  af- 
fected witli  a  vortical  motion  which  6et«  from  tlie  cqnator 
towards  thv  ]}o\ii»,  in  ii  dii-ectioii  oblique  tu  tliu  ttieridiaus. 
Tlie  theory  of  these  movements  is  still  to  be  elaborated,  and 
is,  no  doubt,  connected  witli  the  primitive  mode  in  which  the 
sun  was  formed. 

"The  activity  of  the  body  is  subject  to  considerable  flitctu- 
ationa:  the  best  oslablisjied  period  is  ouo  of  eleven  and  one- 
third  yean,  hut  the  Activity  increases  more  rapidly  than  it  di> 
iniui«hc8— it  incrcaec«  about  four  years,  and  diuiinidies  abont 
«oveti.  This  activity  is  uonneeled  with  the  phenomena  of  tei^ 
r&ttrial  magnetism,  but  we  cannot  sny  in  what  way.  Wo  may 
supposo  a  dii-cct  electro-nia^nctic  influence  of  the  sun  npon 
uni-  globe,  or  an  indirect  inllucnco  due  to  the  tltertnal  action 
of  the  sun,  which  reacts  upon  its  magnetism.  It  iis  indeed, 
very  natural  to  Bn])pu«e  that  the  ethereal  mass  whicli  lilU  tlio 
spHL'ue  of  our  planetary  svAtein  may  Ik^  greatly  altered  and 
muditied  by  the  activity  of  the  central  hwiy.  Hut,  whatever 
may  be  the  cause  of  these  changes  of  activity,  we  are  com- 
ptolely  iguomut  of  them.  The  action  of  the  planets  lias  been 
proposed  as  plausible,  but  it  i^^  far  from  being  satisfactory. 
The  true  explanation  is  reserved  fur  the  science  which  shall 
reveal  the  nature  of  llio  eoimection  which  nnitea  heat  to  eleo- 
iricily,  to  magnetism,  and  to  the  cause  of  gravity. 

"  Of  tlie  inturior  of  the  suu  we  liave  no  certain  informatiot). 
The  ttuperllci)d  tem])eraturo  is  so  gixiat,  notwithstanding  tl>e 
continual  Iom  of  heat  which  it  suffci^,  that  Me  cannot  ftUppoee 
it  leas  in  the  interior ;  and,  uousoquontly,  no  solid  layer  can  ex- 
ist there,  except  perha]»  at  deptlis  where  tite  pressure  dne  to 
gravity  oqnals  or  surpasses  the  molecular  dilatation  produced 
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by  U'tniwrattiro.  However  it  may  lie,  tlie  layer  Aixesaihle  to 
Uie  explunlioii  of  our  iii»ti-iiiu<.'iits  Id,  iio  doubt,  fluid  and  guec- 
oits,  and  n-e  can  iJiiis  cx]ilaiii  lliu  vitrialiori«  of  tlic  soliir  iJiam- 
ctcr  cetAblifilietl  l>y  certain  astrononiers.  Xotwitlistanding  tlieM 
uiiiill  diictiifttions,  lliu  mdiatiua  of  llie  body  into  its  planetary 
Bysleni  is  nearly  ooiifltniit  during  u-idcly  H-juimlcd  {>criud4,  and 
Mpcvially  is  it  to  during  tlie  liititoric  period.  Tliis  constancy 
{•  dnc  to  fefivcml  cauiiw:  fiivt,  lu  tlitt  L-nornious  mass  of  tbe 
body,  vhidi  can  be  coultd  only  very  slowly,  owing  lo  i(«  very 
high  temperature;  eecoitd,  lo  iIjo  contraction  of  tlie  iiiiv»s 
wtiicli  avouin[>Mnic«  llic  couduueatioti  coniuj^juottt  upon  tbe  Iom 
of  heat ;  tliitxi,  lo  lliu  ciui^ioii  of  llio  beat  uf  dtMuciKtiun  duo 
to  the  production  of  clieinical  actions  wbicJi  iiiay  take  place 
in  tlio  total  1111186. 

"  Tlic  origin  of  xhU  heat  is  to  bo  found  iii  the  foi-co  of  gi-av- 
ity;  for  it  ia  well  proved  tlwt  tlie  solar  mass,  by  contructiug 
from  ibii  liniils  of  tbo  pluncluiy  evfttcui  to  it»  pri.-sciiL  vohnnc, 
would  prodiiue,  not  only  its  aeliial  temperature,  but  utio  sev* 
oral  limes  greater.  As  to  tbo  sbsoltito  valuo  of  this  tumpuro- 
ture,  we  cannot  fix  it  nitli  cvrlainty.  Science  not  yet  liaving 
determined  llie  relation  wliidi  exists  between  molecular  )iv< 
ing  foroo  (fi«  viva)  and  tbe  intensity  uf  radiation  lo  a  diitUiice 
(which  lA»t  is  the  only  dutiiiu  given  by  observation),  we  tind 
oarseUei  in  a  ststo  of  pniufid  uncerlaiuty.  Novcrcbclo6«,  liiiH 
tomperalnix)  must  bo  several  iniilioii  degrees  of  our  thtirinoin< 
ctor,  and  ni|uiblc  of  maintaining  all  known  Bubstnnccs  in  » 
Mate  of  v»|>(ir. 

■*  Borne,  Fcbnwt}-  Iltb.isn." 

Yiexngo/M.  Faye, — "  In  studying  williout  any  pi-eposaession 
(he  fflovcnieuta  of  the  Gputs,  wo  Jind,  with  Mr.  Carrington,  lliai 
tlivre  exists  a  simple  relation  between  their  hktitndo  aud  tlieir 
angular  velocity.  Nevertheless,  tins  law  doe«  not  suffice  lo 
nproBenl  the  observations  with  the  exactitude  wliioli  tliey  ad- 
mit of.  It  is  still  necessary  to  take  account  by  calculation  of  a 
parallax  of  depth  which  I  oetimato  at  ^^  of  tlio  radius  of  tlie 
SI1II,  and  of  uertain  oncillntitiDti  of  very  small  extent,  and  of 
loug  period,  which  tbe  spots  nndcrgo  pcri>cndioiilat'  to  thoir 


8S0 


THE  SOLAR  STSTBSi. 


parallels.  Then  tlie  observations  are  represented  M-iili  preat 
liracmon,  from  whidt  I  iH^iicliido  tlmt  wc  liavv  to  deal  with  a 
quite  simple  ineclinnicnl  pheiinnieiion.  The  Uvr  In  quwtiou 
can  bo  oxprceeed  by  tlio  formula, 

fci  =  (i— (i  sin'  A; 
tt  being  tlie  aiignlar  velocity  of  n  niiot  at  tlie  latitude  X,  and  a 
and  b  being  coustaiiti^,  hxviti-;  tho  same  value  ((i  =  S57',0  and 
h-^  167'.3)  wvr  the  whole  «iirfHCB  of  tho  sun.  These  eonstanta 
may  vary  slowly  with  the  time,  but  i  liR\'e  not  studied  their 
^TiriatioiiB. 

"  Admitting,  us  wo  Hliall  »ee  fartlior  on,  that  the  veloetty  of 
a  R])ot  is  the  same  as  tlie  iiieiiti  volouity  of  itiat  zone  of  tlie 
pholosphero  in  whicli  it  is  formed,  wo  see: 

"1.  That  the  vontigiiotis  strips  of  tho  photosphere  are  ani- 
inftt«d  with  a  velocity  of  TOtalion  neaily  oon»tnnt  for  each  lila- 
ment,  at  least  during  a  period  of  several  motitlis  or  yeant,  but 
varying  with  tlio  latitude  from  oiiu  strip  to  anolher. 

"  2.  Tlmt  those  strips  move  nearly  parallel  to  tho  equator, 
and  never  giie  indicatinnn  of  eiirroiita  con«nntly  directed  low- 
ardit  citlter  [>ole,  as  in  the  iipjier  regions  of  our  atmoephiM-e-. 

"  3.  That  tlio  spots  am  hollow,  or  at  least  llmt  tlie  black  nn- 
cleiis  is  pi'vwptihly  dcpresKcd  in  reA[»ect  to  the  photo*phcro. 

"The  diiiiinnlinn  in  the  rate  of  siiperlic-ial  rotation,  more 
and  more  marked  towai'ds  tho  polc».  and  tho  absence  of  all 
iDoUnn  from  tlio  equator,  cjiti  only  proceed  fi-om  the  vertical 
aeocnt  of  mfttci'inl*  rising  inoeseatitly  from  a  gi'eal  deptli  tow- 
ards alt  ])oints  of  the  siirfui-e.  It  is  sufficient  that  this  depth 
goes  un  inei'Cftsiiig  fi-om  tho  equator  towarfl*  the  jioW.  follow- 
ing n  law  analogous  to  that  of  the  rotation,  in  order  that  it 
may  produce  at  the  sni-face  a  retai'dation  iiiei-oasing  witli  the 
latitude.  This  retardation  is  about  two  daj-s  in  eneh  rotation 
at  forty-five  degi-ees  of  latitude.  The  man*  of  the  snn,  being 
formed  principally  of  metallic  vapors  conduiisahle  at  a  certain 
tempera  Hi  re,  and  that  tcmperiitiire  bcinf»  i-eni'hed  at  a  eertain 
level  in  con8er|nenec  of  tho  exterior  eoolin^,  there  ought  to  be 
^tablished  a  double  vertical  movement  of  asuciiding  vapors, 
which  go  to  form  a  cloud  of  condensed  matter  susceptiblfl  of 


riBWS  ox  THE  PffTSICAl  COySTlTUTtOy  OF  TBB  SUV.  S8I 

intense  radiation,  and  of  oondensied  pi-oduuts  \rhivb  fall  back 
ID  tliu  fiinii  uf  rain  into  the  iiileriur.  TIio  latter  aro  Btoppdl 
ac  tlie  depth  at  wliiclt  tlicy  rncut  a  tcm)>emture  lii<;h  enough 
to  ^-aporise  tliein  anew,  and  aflerwaixls  force  them  to  reaBoeod. 
A»  almost  tlic  cntiro  inaM  of  tliv  Kiin  parlakcit  of  tliiA  doubls 
movement,  tlie  heat  radiated  by  llic  cloud  will  be  borrowed 
from  this  Dia££,  and  not  from  a  euiterficial  layer,  the  tomi>era- 
tnru  of  which  would  rapidly  fall,  and  which  wonid  ^ooii  con- 
dense into  II  complete  ornxt.  Ilcn<%  the  formntioti  and  kh^ 
[Kirt  of  the  photosphere,  and  the  tMinsiaiivy  aiid  long  duration 
of  its  radiation,  which  is  aleo  partly  fed  by  the  slow  contrac- 
tion of  lliu  whole  mass  of  the  eiui. 

**  Tlic  contij^nons  bands  of  the  photosphere  being  animated 
with  different  relocities,  there  rcsnlls  a  muUitndo  of  circular 
)*^'ratory  movomcntt;  around  a  veiticnt  nxid  extending  to  a 
great  depth,  as  in  our  rivers  and  in  the  gi'eat  nppor  currents 
of  onr  atniosplieiv.  These  whirlpools,  which  tend  to  equalize 
the  differences  of  velocity  jubt  #pokeii  'if.  fnllow  the  currents 
of  tlie  photoaphei'e  in  the  same  way  that  whirlpools,  and  the 
wbirtwiitdd,  tornadoes,  and  cyclones  of  our  atmosphere  follow 
tlte  npiwr  cun-eiits  in  which  tlioy  originale,  hike  these,  they 
are  descending,  ag  1  \m,\e  pravcd  (against  the  meteorologists) 
by  n  R|iecial  study  of  these  terrestrial  phenomena.  They  cnny 
down  into  the  depths  of  tlio  solar  mass  the  cooler  materials  of 
the  upper  layer*,  formed  priiicipMlly  of  hydrogen,  and  thus 
prodiioo  in  tlieir  rcntro  a  decided  extinction  of  light  and  heat 
M  long  as  the  gyratory  movenient  continnes.  Finally,  Uie 
hydi-ogon  sot  free  at  tlio  basu  of  the  wlnrljwol  iMcomes  ro- 
kcated  at  this  great  depth,  and  risca  np  tiimultitonsly  around 
the  whirlpool,  forming  irrognlar  jots  which  appear  abore  the 
chromosplicii!.    Tlic»c  jel«  constitute  the  protuberances. 

"Tlic  whirlpools  of  the  snn,  like  those  on  the  eartli,  are  of 
all  dimensions,  from  the  scarcely  viiible  pore*  to  tho  enormous 
spots  which  we  see  from  time  to  time.  They  have,  like  those 
of  the  eorth,  a  marked  tendency  liret  to  increase,  and  then  to 
break  up,  and  thus  form  a  row  of  »ix>te  extending  along  the 
lamc  ptirallcl.    Tlie  pennmbra  is  due  to  a  portion  of  the  photo- 
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cpticro  wtiidi  fonns  around  tlieir  conical  surface  at  a  l&'orer 
level,  on  ai!coiint  of  the  lowering  of  tbe  tempemtiire  produced 
by  tliu  w)itrl|>uol.  Soinotiiiics  in  Uiis tort  uf  liiniitioiw  »lioatli  we 
•Ce  trtt>!(s4  of  the  whirling  movement  going  on  in  the  interior. 

"It  i^  tnoro  (lilHcult  to  account  for  the  periodicity  of  tlie 
spots.  It  nKKiDA  to  uvi  tliiu  it  inu«t  dc)>ciid  upuii  iliictiialioiit  in 
the  form  of  the  interior  layer,  to  which  the  condensed  matter 
of  the  photosphere  falU  iu  the  form  of  rain.  Thio  flow  of 
material*  fmni  nliovu  luuftt  alter,  little  by  little,  the  velocity 
of  ratation  of  this  layer.  If  its  compree&ion  'm  ulianged  in  tlie 
course  of  lime,  and  if  it  hecomoe  rouuder,  the  ^-ariadous  in 
the  8iiporliciul  velocity  of  the  [>hoto»i>liure, as  well  at  \\m  gyra- 
tory inovcineiit»,  will  ditiiinisli  in  intensity  and  fivqnency. 

"A  time  will  at  leitglh  arrive  when  the  vertical  movements 
whii:h  feed  the  jihuto^pherc  will  hceomo  more  and  luoiv  hiii> 
dei-ed.  The  cooling  will  then  l>e  purely  euporticial,  and  tlw 
Biii-f»co  of  the  enn  will  harden  into  a  continiions  crn»t. 

"  l-^rK  Fcbrwuy,  IBTT." 

Views  <^  Pn^tiior  Young.— ^  1.  It  sccins  to  ine  almost  dem- 
onfttrated,  aa  &  oonaeqiience  of  the  low  mean  dciwity  of  tlic 
enn  and  its  great  force  of  gmvity,  that  tlie  centi-nl  porttone  of 
that  body,  and,  in  fact,  all  but  a  comparatively  thin  shell  near 
the  surface,  miiat  be  in  a  ga«eon8  condition,  und  the  gases  at 
CO  high  a  temperature  as  to  remain  for  the  most  i>nrt  dissoci- 
ated from  each  otlr(<r,  and  incapable  of  cl.emicat  intemolion. 
Under  the  inHiiciu'C  of  the  gi«at  prceaiiro  and  hi^li  t«mpera- 
tnre,  liowever,  llieir  density  and  viscosity  ara  probably  titcli  M 
to  render  their  mechanical  behavior  more  like  tliat  of  inch 
•ubstanccs  as  tar  or  honey  than  tliat  of  air,  as  wo  are  famil- 
iar with  it 

"  2.  The  viable  surface  of  the  sun,  the  photosiihere,  is  com- 
posed of  clouds  formed  by  tlie  condeiiuition  and  conibinati'in 
of  such  of  the  solar  gaees  as  ai-o  cooled  suflicienlly  by  tJieir 
radiation  into  space.  These  clouds  arc  suspended  in  Uie  man 
of  uucondcnscd  gases  like  the  claiuU  in  our  own  atraoephere, 
and  probably  have,  for  the  most  part,  the  form  of  approximate- 
ly vertical  columns,  of  irrc^ilar  cross -section,  and  a  Icogtii 
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tanuy  tuna  exceeding  tlicir  diameter.  Tlic  liquid  and  oulid 
pw-ticlea  of  which  tlivyni-u  iiindu  ii|>  defend  (,viiliiiiiully,  their 
places  being  conGtamlr  Bnpplied  by  froih  coiideiifiatiuii  from 
tliu  nscctidirig  ciirix-iite  which  rii!o  between  (lie  cluiidculutiiiis. 
From  the  uiider-*urfaco  uf  the  iiliut<)»]>here  t\wiv  ninst  ho  an 
iminvneo  preci|)itAtioii  of  wlml  may  be  vailed  bolar'ruin  uiid 
mow,' which  descends  into  tlio  ga^oiis  corv,  mid  by  the  itilor- 
lial  heat  i.s  re-«vutiomtcd,  di>ui>in)iu«od,  and  rc^toivd  iv  iie  nrigU 
nnl  -^^ugvoiis  eoiidicioii ;  the  hent  loat  by  the  surface  rmlintion 
bein^  rcplnced  nmiiily  I»y  the  mcchsnical  wmk  dm-  tu  the 
g^wliial  diminution  of  the  «ini'»  bulk,  und  the  thicUeninj;  of 
tho  jthutofiphcre.  I  d»  nut  know  any  means  cf  deierinininj^ 
llie  thickness  oE  the  photosplieric  shell,  but,  fruin  ihu  pliuiioin- 
ena  of  the  spots,  jitdgo  timt  it  can  liardly  l>b  hws  than  ten 
Uiuneand  tnilee,Rn(l  tliat  it  may  be  much  more. 

"  3.  The  weight  of  the  cluud-^lioll,  and  tho  resisraiicfl  offered 
to  the  dctwonding  products  of  condetisation,  act  to  (traduce  oil 
Uie  enclosed  gai^eoua  core  a  coiistrit^tiiig  prf^nre,  which  foroes 
Uie  gases  npwards  thrangli  the  intervaU  between  tho  clouds 
with  groat  velocity;  so  that  juts  or  bhi«ts  of  heated  gas  con- 
tjiniully  H0cciid  all  over  the  snnV  unrfuce,  the  ^ute  material 
6nlc>equeiilly  redescending  in  the  cloud -cohimns,  jiai-tly  con- 
deiued  into  solid  or  liquid  particles,  and  partly  uncondensed, 
bat  greatly  cooled.  It  eeems  also  not  unlikely  that  in  the  np- 
j>cr  (i«rt  of  tJio  ehniincU  rhrongh  which  iho  a^-eiidiiig  ctinvnta 
ru»li,  lliei'O  may  often  occur  the  mixture  of  different  gases 
«ooled  by  expansion  to  teniperatni-es  sufficiently  below  the 
dissociation  point  to  allow  nf  their  exploelvu  combination. 

"  4.  The '  cliroinotiphcre '  \«  simply  the  layer  of  luicondontod 
^uct)  which  overlies  the  photoephere,  though  separated  fi'om 
U  by  no  definite  surface.  The  lower  portion  of  the  ebi-onio- 
Bpltore  is  n'cli  in  all  tho  vapoi-s  and  gn«c#  which  enter  into  tho 
tim'a  composition;  hut  at  a  comparatively  small  height  the 
denser  and  less  permanent  gases  disappear,  leaving  in  tho  up- 
per regions  only  hydrogen  and  some  other  Bubstsnecs  not  oa 
yet  identilied.  The  dark  lines  of  the  solar  spectram  originate 
mainly  lu  tho  absorption  produced  by  the  denser  gases  which 
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bathe  the  pbotosplieric  clouds,  urn]  tlioso  metallic  va]KirK  ar 
only  occRsionuU;  carried  into  the  ii|)]>cr  regions  by  a^cendtt 
JDts  of  nnusnal  violence.  When  this  oct-tire,  it  is  alinoet  in- 
variably tti  •oiiiicction  witli  a  Hulnr  spot.  Tlio  prominences 
are  tueitilv  !icatt.-d  maasOB  of  tJio  hj'droguii  and  oUier  cbroiDO* 
eplioiic  gii£cs,  carried  to  a  coiiEidorable  hciglit  by  the  aeceiid- 
tilt:  viUTcTilN  "i>'1  api'urcnllv  IloNtin;;  in  the  'coroitul  n(iiH»»- 
phere,'  wliich  iiiler)icnDt rales  mid  uvcrlujta  Uie  cbromoe^ibcre. 

"  6.  I  do  not  know  what  to  make  of  tbo  corona.  Its  epec- 
tnim  |>t'ovui«  that  a  coiiaidcrublu  poiiion  of  ita  light  comet 
fi'oin  ^owiQ  cxccedin^^ly  rare  foriii  of  gii»eous  matter,  wbicli 
cannot  bo  idfiitiSt^d  with  atiytbiiig  known  to  terrcstnal  cbem- 
fslrv:  uiid  tlii«  <:iu',  wliatijver  it  may  be,  uxt«ta  at  a  height  of 
not  less  thai)  a  million  of  iiiilcs  above  the  solar  surfnce,  ooii- 
stitutiti^  tUii 'coronal  atmospbci-c.'  Another  poilion  of  its 
light  npiiCAiH  to  bo  uniply  rcllectcd  eimKliiiic.  Dut  by  what 
forcci^  the  ))C0ii]iar  radiated  tinictiiro  of  the  corona  is  dutor- 
iiiined,  I  have  no  definite  idea.  The  analogies  of  comeb*  tails 
mid  aiiionil  stl-oaiiicrsbothaiiix-arstig^Htivo;  bHt,on  the  otiier 
Ituiid.  the  ^jicclm  of  the  corona,  Ihu  unruta  boi-udi^,  the  uimi- 
et&,Hiid  the  iiebiilic  ai<e  all  different — no  two  in  the  leoit  alike. 

"tJ,  As  to  suu-spote,  there  can  be  no  lonper  any  doiibl.  I 
tbiiik,  that  ihcy  iire  ciivitic«  in  the  iippL-r  sitrfacu  of  tlie  photo- 
Bpliere,  niid  that  their  darkness  is  due  simply  to  the  absorbing 
action  of  tbc  saeos  and  va]M)re  u'liicb  till  them.  It  is  also  cer 
bin  that  very  i'\>mmoii1y,  if  not  invariably,  llicre  is  a  violent 
upriiiih  of  hydroi^n  and  metallic  viipoi-s  nil  around  the  outer 
edge  of  the  iicnmnbi-a,  and  a  considerable  depi'epsion  of  the 
obromo^phuie  over  ihe centre  of  llio  spot ;  probably, aUo,  there 
b  a  desceiidin^  current  tliron,i;li  its  centre.  As  to  the  caiiso 
}f  the  spots,  and  the  interpretation  nf  their  telescopic  details, 
I  am  unsatisfied.  Tbu  theory  of  I-'ayc  appcare  to  me,  on  the 
vhole,  the  moat  reasonable  of  all  that  have  yet  been  ])ropo^; 
but  I  cannot  reconcile  it  with  the  want  of  sy&temalic  rotation 
in  tbo  spots,  or  tbcir  peculiar  forms.  Slill,  it  undoubtedly  lias 
imixirlKiit  elements  of  truth,  and  may  perhaps  bo  modified  so 
as  to  meet  those  difiicnlties.    As  to  tlie  i>criodictty  of  the  spots, 


FlEirS  ox  TBB  FBYStCAL  COySTtTCXtOS  OF  TUM  SCX  285 


I  mil  iinnble  to  think  it  <l<ie  in  niiy  way  to  ])1aiietiiry  action; 
at  Ica^t,  tlio  ovidettco  appcai-s  to  mo  nhutly  iiisufliuiuiit  u«  yut; 
but  I  have  no  hypotlicsis  to  o&vr.  Nor  linvc  1  Miy  theory  to 
ptoiMse  to  Hcooiiiit  f»i'  tho  certuii  coinicutioii  between  tliatiirl^ 
ances  of  tlie  Bolar  sni-fac-e  and  of  terrostrial  maguvti«iii. 

"7.  A»  to  tlio  tviiiperatiiru  of  tho  siin'ii  siirfHOC,  I  Itave  no 
eeUled  opinion,  excc]it  thnt  I  think  il  muitt  be  niiicli  liigher 
than  that  of  tlto  vailwn  )xiiDt«  in  the  elfcti-if  ligUl.  Ttio  osti- 
luutc*  of  tho«o  who  huai  tlicir  <»Ii!ulaltoH&  on  Newton'«  )«i\-  of 
GOoling,  which  is  vonfeasedly  a  mere  approximation,  »oeiii  to 
ma  inaiiifcetly  wrong  and  exaggerated ;  on  tho  uthor  hand,  the 
T«fy  low  ectimalM  of  the  Froneh  pliy^ii-Uts,  wlio  baM>  llietr 
uiloulations  on  tiie  eqnntion  of  Diilon^  and  Petit,  seem  to  nio 
hardly  more  trustworthy,  since  tlicir  wholo  reenlt  dej)enda 
tipoii  the  ttoeiiisuY  of  a  uuiitcrical  exponent  determined  by  ex- 
periment ot  low  leiiipemtni-ed  and  niider  oirciiniMuncC!*  difTci^ 
iiig  widely  from  tlioi«  of  tho  sitn'a  eurfuix-.  Tho  pi-ocefis  is  an 
unsafe  c.xIra[>uhition.  The  sensible  eoii»tiitiuy  of  the  solar 
radiation  seems  to  lie  fairly  accounted  for  on  the  liyjKitliciiA 
of  slow  contraction  of  tlio  sun's  diameter. 

**  8.  I  look  upon  the  accelemted  motion  of  tlic  eua's  equator 
as  tho  most  important  of  thu  unexplained  facte  in  ^ukr  phys- 
ics, and  am  {icminded  llmt  itn  snti^faetory  elucidation  ivill  eari-y 
with  it  the  solnlion  of  m<»t  of  the  other  problems  still  pending. 

"Sni'li,  in  brief,  arc  my  'opinions;'  bnt  many  of  lliem  I 
liold  with  little  contidcnec  nnd  tenacity,  and  anxionsly  awatt 
more  light,  especially  &a  re^rarda  the  theory  of  the  sun's  rota- 
lion,  tho  cause  and  cotistitntion  of  The  spots,  and  the  nntiii-o  of 
the  corona.  The  only  pceiiliarity  in  my  views  lies,  I  think, 
I  In  the  imporlanoe  1  afteiign  to  the  effects  of  the  descending 
products  of  condensation,  which  I  uoucoivo  to  form  virtually 
a  sort  of  constricting  skin,  prodncing  preunre  n|)on  the  gus- 
Icons  m«M  beneath,  ftometliing  as  tho  lilin  of  a  bubble  com* 
preeBQB  tlie  enclo^d  air.  Tu  the  pi-es«ni-u  thns  produced  I 
■scribe  mainly  tlie  eruptive  phenomena  of  the  cluuinosphert 
■nd  prominences. 

"  Darlmouili  Collos«v  Mirtb,  11^77." 
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Fiinw  e/Profissor  fjanffli-y. — "  It  seema  to  me  ifaat  we  havR 
now  ovidlMivu  uii  whidi  to  pnee  liiml  advorw  judgmoiit  oo 
viem  which  regnrd  tho  plivtosjilicre  ae  aii  iiieaudescent  liffnid, 
or  the  FpotB  ae  analogous  eitlier  to  scoriae  matter,  on  tlie  one 
hand,  or  tu  vloiid*  fthovu  (tiu  liiriiinuitit  Kiirfnco,  on  tlto  other. 
According  to  direct  telestiopio  evidemw,  tho  photoephcni  {« 
purely  vaporous,  and  I  consider  tlieee  upper  Ta|>ora  to  be 
lighter  ttinii  tlic  thiiinmt  cirri  of  our  own  itky.  Tho  obeer- 
vstioii  of  fnciilie  allies  them  and  the  whole  'grftniilar'  cloud 
Btructiire  of  the  enrfaL-e  most  intimately  witli  chroinosplieriQ 
forms,  won  \ty  the  Biiorlruscope,  and  ewociatos  botli  witli  the 
idea  of  an  every  wliere-auling  ayelem  of  ciiri-enta  which  trana- 
iitit  the  internal  heat,  gvneratod  by  condenEalioii,  to  the  suib 
facv,  and  take  btivk  tiie  void.  ittiMirbctit  mkltvr.  This  vortical 
eireiilation  goea  to  a  depth,  I  think,  eensible  cveti  by  coinpari- 
Bon  with  ihc  Bolar  diariiuier.  It  coexists  with  approxiQiately 
honzoEital  niovotiiciit«  observed  in  what  rnay  be  called  the 
Hicccwlve  npjMir  photospherio  etrntu  in  tlie  vicinity  of  s)M)tB. 
The  spots  give  evidence  of  cyclonic  action  xnch  as  coiitd  only 
occur  in  a  flnid.  Their  darkness  Is  due  to  the  pit»ence,  in 
iiniisual  depth,  of  the  uune  cb«cnring  atinosphero  which  forms 
tho  gray  medium  in  which  the  InnunonH  phnt<M<pheric  fomis 
seem  snspended,  and  which  we  hero  look  throngli,  where  it 
fills  openings  in  tlm  photosphoric  stratnm,  down  to  regiotu 
of  tho  liiihir  interior  made  visible  by  the  dim  light  of  cloud« 
of  Itiminoiiii  vapor,  precipitated  in  lower  strata  where  tho  dew- 
point  lias  been  altered  by  clmni;rc(i  conditions  of  temperature 
and  prcMiirv.  All  observation  and  all  le^timnlo  inference 
go  to  show  that  tlio  sun  is  gaseous  throughout  its  ntAss,  thoiigli 
Ay  this  it  is  not  meant  to  deny  the  probable  precipitation  uf 
coolini;  pliottMpheric  vajMnt  in  eomcthing  analogons  to  rain; 
a  condition  perhajw  neceiwary  to  the  maintenance  of  the  eijni- 
librinm  of  the  interchange  of  cold  and  heated  matter  bet^Tcen 
exterior  and  interior ;  nor  is  it  meant  that  tho  conditions  uf  a 
perfect  fluid  are  to  be  exjwcted,  where  these  arc  ctecntially 
modified  (if  by  no  other  cause)  by  the  viscosity  due  to  extreme 
beat.    The  tompcratiuD  of  the  sun  is,  in  roy  view,  necessarily 
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greater  than  thnt  Assigned  by  t1)0  nnmcroiHi  plivi^ivtiU, 
maintain  it  to  bo  compai-ablo  with  tliat  obtaiimlile  in  the 
laboratory  funiuco;  but  wo  cannot  coiiUdciitly  assign  any  iii>- 
[icr  Itniit  to  it  until  physics  lias  advaiKMn)  beyoni)  its  jiixvcnt 
merely  empirical  rules  ounnuclitig  cmt£&ion  and  tcinpeiatiire; 
for  this,  and  not  tho  lack  of  acciirato  data  fi-om  p1i\-sica) 
aslronoiny,  is  tlic  eotirvo  of  nearly  all  the  ol)4ci]rity  now  at^ 


v-.-xJ^ 


Via.  rt— Soint  ■|]01,  »flor  I^oeli^r- 

jtcnding  this  important  queatioii.     Xo  theory  of  tlie  Bolat  ociii« 

,  Btltnlion  wliidi  is  frvo  fruru  some  objection  lioa  yet  been  pro- 

poeed;  but  if  tlie  nia«lvr-k<;y  to  the  dircnto  problems  it  pre- 

MJiilsliafi  not  been  found,  it  is  etill  true,  I  think,  that  tlto  one 

rhieli  nnlocks  most  is  that  of  M.  Faye. 

_"0f  tlio  potential  onorg)"  of  the  sini.  we  may  eay  that  wa 
SVC  it  to  be  fiuflicient  for  a  supply  of  tho  present  heat  dnr- 
hig  porioda  to  be  counted  bv  millions  of  vean.     But  what  im' 
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mediately  conocrns  ub  U  the  constaocy  of  the  rale  of  con^'er 
uon  of  this  potoDtial  iiito  nctiial  radiant  cnorgj-,  as  vro  receive 
it,  for  oil  this  dciwndi  the  tiiiifonnity  of  the  coiiditioits  iiiidcr 
which  we  exist.  Xow,  this  utiifonnity  in  ttini  depend}  onJ 
the  penality  of  tlie  above-moutioiiod  intcrelmngcs  hetweer.  tbe^ 
liolar  stirfaco  and  the  interior,  an  equality  of  who«c  vonstaucy 
we  know  nothing  save  hv  limited  experience.  Tlio  nio»t  im- 
portant statement  witli  iffcreuco  to  the  sun,  porliape,  which 
wo  can  make  willi  ccjlninty  ia  oven  a  ticigali\'c  one.  It  ta 
that  we  have  no  other  ttian  eiupiricnl  gvonndit,  in  the  prc#cut 
Btato  of  knowledge,  for  believing  in  tlie  uniformity  of  tho 
iolar  radiation  in  prehistoric  periods  and  in  tlio  future. 

"  The  above  remarks,  limited  as  they  are,  apiiear  to  me  to 
cover  nearly  all  tlie  points  as  to  tho  enn's  physioal  constitu* 
tion  (outside  of  the  positive  testimony  of  the  spoctroecope)  on 
u'liidi  wc  are  entitled  to  rpeak  witli  oouSdence,  even  at  th* 
pmoul  time." 


CHAPTER  in. 

TBB  msza  ORocp  or  plakcts. 

81.  The  Planet  Mercury. 

Htutocnv  U  the  nmii-ofit  known  plsnot  to  Ihe  sun,  and  the 
Hiinllcitt  of  the  eight  lai;ge  }ilnnct«^  lut  incaii  di»tiuiee  from 
the  enn  U  40  millions  of  otxj, 

niili*,  and  its  dianiotor  about  pJ5> 

B  one-third  ihdt  of  the  earth.         /  ith»  « 

'  It  wafl  well  known  to  the  an-       /  Vj-"^,  4.""^ 

cicnts,  hchiR  vi^iblu   to  l!io     /  /^^        ~^* 

naked  cje at  fnvonible  time?,  /  I  J  ^.^^ 

it  the  observer  ifi  not  in  too  I    [   tfws^^ 

high  a  latitude.    Tlic  central  ""** 

I  and  northern  regions  of  Kn- 
ropo  nro  6o  unfavorably  Bit- 
Dated  for  seeing  it  that  it  is 
■id  OopeniiciiH  died  without 
Bter  having  l>een  able  to  ob-  ^    „    „ ,.     , 

tain  B  view  of  It.       Thu  ami-        lu>uii1i>aihiiKCei]<rlutT'>Flbo>B<''Marc>' 

\  cnliy  of  seeing  it  arises  from     '^ """  "'"■ 

■  its  proximity  to  tJic  sun,  as  it  seldom  sots  moro  than  an  hour 
and  a  half  after  the  etm,  or  rises  more  than  that  length  of 

■  lime  before  it.     Hence,  when  the  evening  in  snlliciently  ad- 

■  vaiiecd  to  allow  it  to  bo  seen,  it  is  commonly  so  near  the  hori. 
zon  a«  to  be  lo«t  in  the  vapor«  which  arc  necn  in  that  direction^ 
Still,  by  watehini;  for  favorable  momei)t«,  it  can  be  seen  sevJ 
oral  titnos  in  the  eonrec  of  the  year  in  any  part  of  tlio  Lnitcd' 
8lAte«.  The  following  are  favorable  times  for  seeing  it  after 
mnflat: 

OTS. MiKctiSOili,  Julr2.«tli,  November  2* tb. 

ISn,. Alarch  18<li,  July  Bill,  Noremlwr  Cih. 

UM F^bnuiry  Slib,  Jun«  22ii,  Octolxr  lOtb. 
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The  corrcgponditig  timoe  in  subsequent  years  mjiy  be  fonnd 
by  subtracting  IS  days  from  the  dates  for  each  year;  tbit  is, 
tlicy  will  occur  IS  days  earlier  in  1895  than  in  1${)4 ;  IS  days 
earlier  in  189G  than  in  1896,  and  so  on.  It  is  not  ncves^.iry 
to  look  on  tliu  vxncl  days  wo  liavo  given,  n»  tlio  pbinet  is  gea- 
entity  visible  for  Hfteen  or  twenty  davs  at  a  time.  £K<:h  date 
gixcn  is  about  tiie  middle  of  the  period  of  \i«ibiiily,  wliiuii  ei 
tends  n  week  or  ten  days  on  eneb  ttide.  Tlie  bM  time  for  Iook> 
ing  is  in  the  evening  twilight,  about  throe-tjuariers  of  nil  lioiir 
after  snnsct,  tlie  spring  is  iu  this  respect  mneh  nioro  fnvorable 
than  autumn. 

A*i>'^l  of  Mfrcurj/. — Mercury  sliines  witli  a  brilliant  wiiite 
light,  bright(.'r  than  that  of  any  lixed  slar,  oxccpt,  ]icrlii|«,J 
Siriu».  It  doc9  not  seem  so  bright  »«  8iriu>,  because  it  can 
never  be  seen  at  night  except  very  near  the  horizon.  Owiiig 
to  llio  great  eccentricity  of  ile  orbit  and  the  ga-at  variations  of 
its  distance  from  the  eailli,  its  brilliancy  Mirii%  oon»idorubly ; j 
but  the  favorable  times  we  have  indicated  ai-c  near  tbuse 
greatest  brightness. 

Viowed  with  a  telescope  under  favorable  conditions,  Mer^ 
vury  is  wen  to  haw  ])linM.4  like  the  moon.  Wlieii  beyond  tlto 
Sim,  it  seer,  J  round  and  small,  being  only  about  5"  in  diamo- 
ter.  When  seen  to  one  side  of  the  sun,  iiear  its  greatest  ap 
parent  angular  di«lance,  it  appears  like  a  lialf-moou.  When 
nearly  between  the  sun  and  cnrth,  its  diameter  is  bctvrG>en  lU" 
and  12",  but  oidy  a  thin  crescent  is  visible.  The  manner  in 
wliieli  thoAe  variouA  phases  are  eoniivcted  with  the  position  of 
the  planet  relative  to  the  eartli  and  sun  is  tlie  same  as  in  tJio 
casu  of  V'cnns.  and  will  bo  shown  in  tbe  next  section. 

Rotnlio'i,  Fi'jure,  Atmo/ii>firrey  tfc— Ahont  the  beginning  of 
the  present  century  Schi-iiter,  tlie  celebrated  osti-onomer  of 
Lilientliul,  who  mnde  the  telescopic  study  of  the  planets  a 
speciality,  thought  that  at  lim<«,  whun  Murcuiy  presented  the 
o^pci't  of  u  crescent,  the  souih  horn  of  this  ei-escent  aetmt 
blunted  nt  certain  inlcrvnU.  lie  jittributod  this  appearance  to^ 
tlio  shadow  of  a  lofty  mountain,  and  by  obsening  tbe  time* 
of  its  return  was  led  to  the  oouclusion  tliat  the  iilauelrevolv«d 
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fb  itxis  til  S4  hours  S  iiiiniitet.    Ilo  alM  Mttioatod  th« 

height  of  the  mniiiitaiii  at  twelve  miles.     Bnt  the  more  ponttr- 

ful  in^tnii>ii>nt5  of  modern  limes  Iiave  not  confirmed  tlicse 

concluuoi>T>.  iiikI  tlii-v  iiro  now  coDMdcrod  &e  quilu  tloubtfnl,  if 

not  entirelv  I'oitl  of  foundation.    Tlikt  \i,  wo  ttiii»t  i^ogunl  the 

I  time  of  rotation  uf  Meiunry  on  its  axis,  and,  of  coiirw,  tlio 

'  position  of  that  axis  as  not  known  with  wrtoint/,  hnt  as  per- 

•  hvpa  very  nearly  24  hour*. 

The  supposed  atincephere  of  Mei-cnrr,  the  deviation  of  its 
I  body  from  n  Bphviicnl  form,  and  many  other  phenomena 
>irhich  observei-B  have  dc-s(;ribed,  inn.->t  be  rectived  with  tho 
1  came  ecopticiem.  Xo  deviation  from  a  spherical  fonn  can  be 
considered  as  proved,  tlm  di»coi-d&ncu  of  the  menttiircs  showing 
that  lite  »upj>o>^  dcviaitonii  are  really  due  to  errors  of  obscr- 
ration.  So,  aUo,  the  a))[>earanoea  wiiicl]  many  obaervera  have 
attribntcd  to  an  atniu<<|iht>re  are  all  to  be  regarded  aa  optical 
iltti«ion«,  or  as  diiu  to  tho  ini|>erf4M;lioiis  of  tho  telcMSOpo  made 
use  of.  From  nica$Qi<eit  of  its  light  nt  vai-iomt  phnsoa  ZoUner 
blB  been  led  to  the  toncluaion  that  lleinnni',  like  onr  mnon, 
b  devoid  of  any  8tinoi(]>liere  siiflk-iuntly  dunsc  to  rftleet  the 
tight  of  tiie  snn.  If  thi^  donbt  and  uncertainty  seems  surpris- 
ing, it  mnst  be  remembered  tlmt  the  nearness  of  thia  planet  to 
tbo  snn  renders  it  a  very  diffic-tilt  object  to  observe  with  aoca- 
rncy.  We  mnet  look  at  it  either  in  the  daytime,  when  tlio  air 
is  disturbed  by  the  snn's  rays,  or  in  the  early  evening,  when  tlie 
planet  ia  very  near  the  horixon,  and  therefore  in  an  unfavorable 
ftittiation. 

Trarmta  o/Mermrtj. — Transits  of  this  planet  across  tho  face 
of  the  Bun  arc  mncli  moi-o  fretjiient  than  those  of  Veniw,  tlio 
t average  interval  between  Bncucssi\'e  transits  being  leas  than  ten 
fears,  and  tho  longest  intcrt-al  thirteen  years.  Tliese  transita 
arc  alwayv  looked  upon  with  great  interest  by  aslronoraon, oa 
I  aeconnt  of  tlic  qiici>tions  to  whioli  ihoy  have  given  rise.  From 
the  earliest  ages  in  which  it  was  known  lliat  Monnrry  moved 
anmnd  tlic  »nn,  it  wa«  evident  tliul  it  must  i^ometinies  pass  be- 
tween the  eartii  and  the  snn;  but  it&  diameter  is  too  email  to 
admit  of  its  being  ecen  in  this  position  with  tho  oakod  eye. 
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The  Rret  ncttml  obeen'ation  of  Mercury  projected  on  tho  facs 
nf  tlm  Sim  wae  made  by  QaaeeniJi,  on  November  7th,  1G3L 
His  inodoof  ubwrvulioii  u'lutliutitli'cadydtMCi'ibcd  for  viewing 
tlio  eolar  spot*,  the  iuiogR  of  the  »im  l)eirig  tln-owii  on  n  scrcea 
*)y  iitcatia  of  ft  small  teleeuopo.  lie  camo  near  luiMiiig  hi*  ol> 
nervation,  owing  to  lii«  liuvin<;  cxpuutcd  lliut  tlie  planet  would 
look  mild)  larger  than  it  did.  Tlie  iinpei'fei;!  te1cs*»[)c»  of 
that  time  surromided  every  brillinat  object  with  a  baud  of 
diffused  light  K>-bioli  greatly  increased  itn  uiiparenl  magiti* 
rude,  eo  that  Gasecndi  hod  no  idoa  how  small  tlio  ptaiiet  really 
wa4. 

Gasaendi'H  observation  was  hardly  accurate  enough  to  be  of 
any  scientitiu  value  at  lh«  present  time.  It  was  not  till  1G7T 
that  a  ix.-ally  goud  observation  wait  made.  Ilalley.  of  England, 
ill  that  year  waa  on  the  island  of  St  Helena,  and,  being  pro- 
nded  with  Bniiti'ior  inttruincntit,  was  fortunale  onougli  to  make 
a  complete  obsurvatioii  of  a  tmn^it  of  ilercm-y  over  tlie  sim 
which  occiiri'ed  on  Noveinbor  Tth.  \Vc  have  already  meo- 
tioned  the  ^'reat  accuracy  trhich  he  attributed  to  his  oliccrt«> 
rion,and  tlm  phononiunou  of  the  black  drop  which  he  was  the 
tiivt  to  see. 

The  following  are  the  dates  at  which  transits  of  Mercury 
will  occur  dnring  the  iioxt  50  years,  with  tlie  Washington 
times  of  mid-transit.  The  first  5  iransitt  will  be  visible  in 
whole  or  in  jmrt  in  the  Atlantic  and  Mississippi  States. 


leoi,  Mnv  nih,  a  U.  I3  m.  r.U. 
ISIM.  Nor,  lotli,  I  U.  :«>in.  r.H. 
lirOT.  How,  I4lli,  T  li.  0  in.  *.«. 


11>N,  Nov.  ;ili,  0  h.  AS  m.  a.v. 
I!>L'4,  May  >ih.  8 1>.  K m.  r.M. 
I!»7,  Nov.  mill,  n  li.  ST  in.  a.m. 


§  2.  77(?  .Supposed  Iiitra-lfemirial  Phnttt. 

At  the  present  time  the  greatest  intercut  which  attaches  to 
tm»ita  of  Mercury  uim«  from  the  conclusion  which  Lover* 
rier  has  drawn  from  a  profonnd  comparison  of  transits  ob- 
served before  IS-iS  willi  tlio  motion  of  Mercnry  «*  dctcnnined 
from  the  theory  of  giuvitatlun.  This  comparison  indicates, 
sccurdiug  to  Levcrricr,  that  the  perihelion  of  Morctiry  moves 
mote  rapidly  by  40"  a  ccntun-  than  >I  ought  to  from  tiio  grat^ 
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Iton  of  all  die  known  |)Unets  of  tlio  ey stem.  He  accounted 
for  Uib  motion  !>)'  sii|ipo3iiig  a  gi'otip  of  smnll  plaiiebt  between 
Mercury  and  tlio  etin,  and  tbc  question  whether  sucli  plaiiett 
exist,  tlierefore,  beoomes  itu|K>rlatiI. 

•  Appuietit  eupport  to  Leven-ier'a  tiieory  i«  given  by  the  fact 
that  ^'U'ioufi  obeorvorfi  liavo  witliin  iho  po&t  century  recorded 
the  pawagc  over  llic  di^lc  "t  tlic  «un  of  dark  bodies  wliicli  bad 
the  appearance  of  planet?,  nnd  wliich  went  over  tvo  rn|>idly  or 
disappeared  too  euddvuly  to  bo  spots.  But  when  we  exnniinu 
tbe»c  obttcrvaiion^^  we  fin<l  tliut  tlicy  oro  not  oatitlod  to  the 

flligliteet  contidcnoe.  Tliei-e  is  a  large  clam  of  recorded  as- 
tronomical pliunoinona  which  are  seen  only  by  unskilful  ol>- 
BOrvers,  with  itn^x^rferl  in^h-uinvnts,  or  under  uiifiivoruble  cir- 
canutanoe«.  The  fact  that  Iliey  are  not  seen  by  i>r(u;ti«ed  ob- 
terrers  with  good  instruments  is  sitfliciciit  proof  that  there  is 
somotbing  nrim"  about  them.  Now,  the  oljecrvutions  of  in- 
tra-Mercurial  planets  belong  to  this  c1n««.  Wolf  has  collected 
nineteen  ol>servations  of  unusual  appearances  on  the  sun,  ex- 
tending from  1761  to  lS(t5,  but,  with  two  or  three  oxcpptions, 
the  observer  are  almcKt  unknown  ns  astronomers  In  ut  k-iist 
one  of  tliese  cases  tbc  observer  tlid  not  profess  to  have  seen 
anything  like  a  plant-l,  but  only  a  clond-like  ap]>earanco.  (>n 
tlie  other  hand,  for  lifty  years  pu£l  tbc  Knn  has  bccTi  coiistaiit- 
ly  and  B8sidtiou»ly  observed  by  such  men  as  Schwnbc,  Carring- 
ton,  Seechi,  and  Spoerer.  none  of  whom  have  ever  recorded 
ftnytliing  of  the  sort.  That  plauctji  in  such  numbers  ehonld 
pus  OTor  tlic  solar  diiik,  and  be  seen  by  amateur  observers, 
and  yet  cscajw  all  these  skilled  astronomers,  is  beyond  all 

■  moral  probability. 
In  estimating  this  probability  we  mn«.t  ivmcmlwr  that  a 
real  planet  apjicaring  on  the  snn  would  bo  far  more  likely  to 
bo  recognized  by  a  practised  than  by  an  utipractbed  observer, 
much  AS  a  new  ^pccieit  of  plant  or  nninial  is  mora  likely  to  be 
recognizetl  by  a  naturalist  than  by  one  who  is  not  such.     One 

■  Bot  accustomed  to  the  close  study  of  the  solar  »puts  might 
have  uaao  difticulty  in  (li«ttngtii»hing  an  nniisually  ronnd  spot 
^m  a  planet.    He  is  also  liable  to  be  deceived  in  varioos 
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ways.*  For  iiietanoe,  the  sun,  br  liia  apparent  diurnal  motion, 
presents  diflLTCiit  pnrts  of  l)io  (idgo  uf  his  disk  to  the  hori- 
coQ  in  tlie  oounv!  of  a  day ;  lie  weiiiA,  in  fact,  in  iho  noilli- 
eni  lieinispliei-e  to  tiini  roimd  in  the  tame  direvlion  with  tlia 
hands  of  n  watt-h.  lloncc,  if  a  6|iot  is  euuii  iioar  the  edge  of 
hi«  di«k  it  will  seem  to  he  in  inotiuii,  ihongli  really  ut  rest 
On  the  other  hand,  shoidd  an  experienced  oboervcr  sec  a  planet 
projected  un  thu  snu's  fai^c,  he  could  hnrdly  fail  to  i-e^-'ognizo  it 
in  ft  inmncnt ;  and  should  nny  |Ki«»ihlc  doubt  exi«I.  it  would  be 
removed  by  a  very  brief  scrutiny. 

Tliu  sti-ongest  argument  against  thcso  appearances  being 
planets  is,  tliut  the  transit  of  a  planet  in  snuh  a  position  conld 
not  be  a  i-are  phenomenon,  but  would  necessarily  repeat  itself 
at  certain  iiitcri'aU,  dupL-nding  on  its  dietancfi  from  tJie  eini 
and  the  inclination  of  iu  orbit.  For  in8lan(*c,  supposing  an 
inclination  of  10°,  which  is  greater  tlian  llint  of  any  of  tlw 
prini:ipal  planets,  and  a  disinncc  from  the  sun  one-half  that 
of  Mercury,  the  planet  would  pass  over  the  face  of  tlie  sun, 
on  the  Hvcragc,  about  once  a  year,  and  itit  suocesaive  transits 
would  oecnr  either  very  near  the  saine  day  of  the  year,  or  oti 
a  certain  day  of  the  opposite  seasOD.  Tho  supposed  trnnuta 
to  whieli  wo  have  referred  occur  nt  all  teasona,  and  if  u-c  tup* 
|>oso  tliem  real,  we  ranttt  suppose,  as  a  logiual  eon.icc|uenc«, 
that  the  transits  of  thcso  several  planets  aro  rt-pcated  many 
tJmee  a  year,  and  yet  constantly  elude  the  scrutiny  of  all  f^ood 
observers,  thongli  ocej(»ionally  seen  by  unskilled  ones.  This  ij 
a  snfticient  redactio  ad  abiurdum  of  the  tlieory  of  their  rvAli^. 

It  i»  therefore  certain  that  if  the  motion  of  the  perihelion 
of  Mercury  is  due  to  a  group  of  planets,  they  aro  each  so  small 
as  to  be  invisible  in  transit  acroaa  tlie  sun.    It  is,  however,  poa- 

*  Some  nadcn  lunr  idcaU  Bmler's  uirauiii;  |iueiD  of  i lie  "Elfplinnt  in  tkt 
UooTi,"  ■■  illiiitrnlivc  uf  [h«  poitibililjr  ornn  nbierrer  bcina  ■Ifceirifil  bjr  wiiBa  p*> 
cnllnrilT  of  hit  iclacopa  In  ona  initanoe,  nbout  tliiily  jmn  lince.  a  tel«*co|aa 
olaorvatioa  of  looicihinit  which  ««  niys  know  muil  hiivB  been  HiKbla  <if  diiiwu 
b^rd*  over  Aie  dUk  of  the  <un  va*  rccoril«tl,  nnil  publiihed  tn  nne  of  ibe  Indlnt 
BitroiioniicBl  jonmsli,  u  a  iTonJcrful  itniiiil  ot  meieqri,  Tlie  iiutilicHtiom  wM 
probKblT  nol  >cr>ou«l/  iniendcil.  ihe  dfHcrlpiion  beinit  n  rlose  parallol  to  Ihtf  •! 
Ibe  nlirical  poet.     Sco  AUrvmniatcht  yocArichltn.  Ho.  S49. 
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•ible  tliKt  thev  mi^lit  be  Been  daring  totnl  eclipse^  eitlier  in< 
dii.-idu«lly  w  small  slai^  or  in  tite  a^j^r^ratc  as  «  eloiid-liko 
mifiit  uf  liglit.  l^iiriiig  tiid  totnl  eclipse  of  Jiiljr  £9th,  l$78, 
Fntfeasor  J.  C  Walaon  obeerved  two  objects  wliicli  lio  voiisid- 
ered  to  bo  such  planets,  but  tliere  was  a  known  star  in  tlie 
I  ncii;hbor]iood  of  etxHx  object,  and  it  \%  oonsidumJ  by  boihu  as- 
'  tronouien  lliat  his  observations  may  liave  been  t-ciilly  inado  oit 
tlieea  stars.  It  is  certain  tluit  ovon  if  tlie  objects  seen  by  Pro- 
fcMor  Wation  urc  intiitnicrcnrial  pl»net«,  tticy  iuk  loo  email 
to  intliienee  the  inntion  of  Mert-nry.  A  ninHs  l)iree  or  four 
tiniC8  tliBt  of  tlie  luttor  pUuct  is  reqnircd  to  produce  the  ob- 
served  cEToct  The  tmallcr  vro  suppose  tlic  bodies  tb«  uioro 
nnnicroud  they  must  be,  and  sinoe  telescopic  obaervaiiona  weia 
to  slioir  tliat  meet  of  tliem  must  be  bdow  llio  «xlh  magni- 
Indc,  tlieir  number  miiBt  be  counted  by  thousands,  and  prob- 
ably tens  of  thousands  Now,  tbe  zodiacal  light  miiHt  arise 
from  matter  revolving  arnuud  the  enn,  and  the  (|iieslion  arises 
vhcther  this  matter  can  bo  that  of  which  we  arc  in  soarch. 
One  dtfllcnlty  i*,  tiiat  unless  we  suppose  tlio  liyiwthetipftl  group 
of  planetoids  to  move  nesirly  in  the  plane  of  the  orbit  of  Mer- 
cury, tlicy  mn«t  oliat>ge  tlie  node  of  tliat  piniict  ns  vroll  as  its 
perihelion.  But  no  motion  of  the  node  above  tliat  due  to  tho 
nvtiiiit  of  the  known  planets  has  been  fonnd.  Wo  thiiH  reach 
tlte  eufurccd  conclusion  that  if  the  motion  of  tlic  perihelion  is 
due  to  the  cause  nsMgned  by  Levcrriei-,  the  planetoids  which 
caiLie  it  must,  in  the  mean,  move  in  nearly  the  »niie  plane 
with  Mercury.  The  strongest  argument  a^inet  the  oxistenoe 
of  intia-mcrcurial  {)lanets  is  tliat  tiiey  were  ciircfiilly  iK?'ni'clicd 
for  by  cxiwricnccd  observers,  during  tlie  total  ocHpsesof  ISSS 

tand  1683,  witliout  being  found. 
§  a  Th«  PUinel  Veiim. 
Tlie  planet  Venns  is  very  nearly  the  siic  of  the  earth,  its  di- 
ameter being  only  ubotit  300  miles  less  tlian  that  itf  uiir  globe. 
Koxt  to  the  sun  and  moon,  it  is  the  most  brilliant  object  id 
the  lieavcns,  sometimes  casting  n  very  distinct  shadow.  It 
never  i-ccedcs  more  tlinn  about  4S°  from  the  snn,  and  is,  tbere- 
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fore,  wen  b^'  nigtit  only  In  tlio  wcetcrti  ftky  in  tlio  uroning,  M 
tbo  eastern  slcv  in  lli«  morning,  atx-ording  ns  it  iii  cii^t  or  wc»t 
of  tl>e  snn.    Tliere  ia,  thei-efore,  seldom  any  difficulty-  in  reo* 
ogtiizing  it.     When  ut  its  grcittcst  brilli&nc-v,  it  can  lie  dearlr 
oven  by  ilio  naki-it  eye  in  tlie  dMytinie,  jirovidcd  that  one  knon-* 
exactly  where  tu  look  fur  it.     It  wae  known  to  the  ancients  by 
tlie  iiamvs  of  /f'^/Mrnu  und  Phosphoran,  or  the  evening  and 
the  monting  star,  the  former  name    being  givt^n   uhcii   tlm 
planet,  being  uu^t  of  tho  enn,  u-os  eccn  in  the  evening  after 
sanset,  and  the  Utter  when,  being  to  tito  west  of  tlto  sun,  it , 
nu  Men  in  tlie  east  before  sunrise.     It  \%  said  that  before  tha ' 
turth  of  exact  astronomy  J/rsperus  and  Pfiospfiorua  were  snp* 
poeed  to  bo  two  different  bodies,  and  that  it  was  not  antU ' 
their  motions  were  i>lndied,  and  the  one  was  seeii  to  omorgB ' 
from  the  sun's  ray*  soon  after  tho  other  was  lost  in  them,  tliat 
iheir  identity  was  c«tablt»livd. 

A»ptvt  of  Vmxu. — To  tho  unaided  eye  Venns  pi-cscnts  lliu 
appearance  of  a  mere  6tnr,  diKtingniafaable  fi-om  other  stan 
only  by  its  intense  brilliancy,  liut  when  Galileo  examined 
this  planet  with  his  telescope,  he  found  it  to  exhibit  phases 
like  those  of  tlie  moon.  Desiring  to  take  time  to  assure  him- 
self of  the  reality  of  his  dir-covpi-y,  wjthont  danger  of  losing 
his  chtim  to  priority  tlii-uiigli  some  one  else  in  the  mcaii  time 
making  it  indei>eiidenlly,  lie  published  the  following  atiagratn, 
In  which  it  was  concealed  : 

**  lIoK  (mmatani  «  ma  Jam  fruiirn  lejcitntiir  o.  *." 
iThcM  unrtpo  iblnip  %,n  now  Taiiily  gnthoiod  by  aa). 

By  transposing  tlio  letters  of  this  sentonoo  he  aftcrwarda 
diowod  that  tliey  could  be  iniido  into  tho  scntcHce, 

"Cjrnttiin  Asuni*  mmiilnlur  nmier  amomm.' 
(Tli«  noihgr  of  tha  Iut«*  imitaiu  tho  pbuM  of  Cjnilui). 

That  the  disk  of  Venus  was  not  roiin<]  was  first  noticed  by 
Galileo  in  September,  1610.  A  computation  of  its  ]K)sition 
at  tluit  time  showis  that  it  must  have  been  a  little  gibbous, 
more  than  half  of  its  face  being  illuminated;  but  after  a 
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few  iDontho  it  changod  into  a  crescent.     Therefore  Galilc<i 
couM  not  liait!  foiiii<l  it  DOce^Mu'/  tu  wuit  long  bufuix:  uxpluin- 
ig  Uis  anagi-am. 

Tho  vsmtioni  of  tlio  as^vt  and  apparent  magnitiulo  of 
enoB  aro  very  great.  When  l>cvond  tho  ran.  it  is  at  a  dis- 
tance of  160  millions  of  miles,  and  preiitenU  the  appeai'anoo 
of  a  ttiiall  ronnd  disk  W  in  dinnielcr.  When  nearest  tha 
eHrlh.it  U  only  25  millioim  of  niiW  distant;  and  if  its  whole 
hoe  were  visible,  it  woidd  he  more  than  60"  in  diameter. 
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TM.Ttr— PliMMa(V(oaf.*h<iwlat[*p|iitviil  dt,'urr  mgil  mniTTillmliT  DFihu  bilicbl  auil  d)tk 
ponlsiu  ot  tbe  (ilimil  lu  vtUi'Ui  i»>lni>  .>r:ia<^rlili. 

Bat,  being  then  on  tho  same  eido  of  tho  sun  u-ith  ns,  its  dark 
bemispberc  i«  turned  toward*  n*,  except,  perhaps,  an  extreme- 
ly tliin  crescent  of  tho  illiimiiiHted  hcmi^pljcrtr.  Bcturcca 
tiieec  two  positions  it  goes  through  all  the  inlennodiats 
ptia«eti,  tlie  universal  i-ulc  of  wliieh  is  tliat  the  neai-er  it  is 
to  the  earth,  the  smaller  tho  pn)]Hirtion  of  its  iippuTvnt  disk 
which  is  illaminated ;  but  the  laigcr  that  di»k  wonld  np^iear 
could  tlie  whole  of  it  he  neen.  Its  greatest  brilliancv  occuifi 
between  the  time  of  in  gt-eatest  elongation  from  tlio  sun  and 

»{tB  inferior  conjunction. 
Suppoted  Nation  of  Venus. — Tlic  earlier  telescopista  natn* 
nlly  KTiitinized  tho  planets  very  cnrefnlly,  with  a  view  of  Hnd- 
ing  whether  there  wera  any  inet^wilities  or  markings  on  their 
Mffacea  from  which  the  time  of  rotation  on  tJieir  axes  could 
be  determined.  In  April,  1667,  Cassini  saw,  or  thought  ha 
aaw,a  bright  spot  on  Venus,  by  tracing  wliioh  for  sci'Cral  eno- 
ocaure  evenings  lie  found  tliac  the  planet  revoh-ed  in  between 
33  and  S4  hours.     Sixty  yeai-s  later  Blanchini,  an  Italian  as 
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Irritiomer,  whoae  te1e«oo|>c  U  Hlmwn  on  )>iij^  11S,iiup|XHitKl  tliat^ 
Iw  found  soven  spots  on  llio  plaiict,  wliich  he  colisidoivd  to 
»eii«.  By  watcliiiig  tliuin  from  iiigliL  to  nigtir,  lio  condad* 
tbat  it  i-ec[iiiiie(I  inoi'e  than  24  days  for  V'enns  to  revolve  ca] 
its  9X%6.  This  extraordinary  result  was  critidecd  by  ttio  sec 
onJ  CHXttiiii,  who  showed  that  Jtlanohiui,  only  seeing  tlio  pla 
eX  a  short  time  ea<:Ii  evening,  atid  finding  the  gpots  uigbt  after'' 
iiisilit  in  iii'si'ly  tlie  «anie  [KMritioii,  concluded  that  it  Imd  iiiovod 
^-e^y  little  twin  night  to  night;  M'hcrenR,  in  ftict,  it  had  in 
a  «onii)lL>io  revolntion,  and  a  liltlo  more.  At  tlie  end  of  24 
davH  it  wuidd  Ihj  &VL-n  in  lU  original  position,  but  would  have 
made  S5  revolutions  in  the  mean  time,  in^itead  of  one  only,  na 
Blanchini  siippoecd.  Tliia  wonM  nmlie  the  time  of  rotatiou 
23  honi-s  2^  ininnlos,  while  Ca»>iiii  fuiind  23  houi«  10  miniitce 
from  h\%  father's  observations. 

Between  17S8  and  1793  Sehrfltor  applied  to  Venns  a  mode 
of  observation  einiilar  to  that  he  ni>t'd  to  find  the  rotation  of 
Murcury.  Watching  the  sharp  horns  when  the  plauot  appear- 
ed iLs  a  credecnt,  he  tlionglit  lliat  unc  of  them  wait  binnted  at 
certain  intcrvaK  Attrihuiiiig  this  appearance  to  a  high  nionn- 
tain,  AS  in  tlio  caeo  of  Mercury,  ho  found  a  tunc  of  rotation 
of  23  Iionnt  21  nunntcit. 

On  the  other  hand,  Ilcrschel  was  never  able  to  see  any  per- 
mani^nt  markings  on  Venus.  Uo  thonght  ho  saw  occasional 
spots,  bnt  thfy  varied  m>  much  and  dintpiwarcd  »o  rapidly  that 
he  conld  not  gather  any  evidence  of  Uie  rotation  of  the  plan- 
et. Uo  therefore  snppoeed  that  Venus  was  surrounded  by  ao 
•tiiiuifphcru,Hnd  tlmt  whatever  markings  might  l>e  oocasional* 
ly  i^M-n  ^vc^e  due  to  clouds  or  other  varying  atmospheric  pho- 
Domenn. 

In  IM2,  Do  Vico,  of  Rome,  came  ta  tbe  reecae  of  the  oldw 
astronomers  by  publishing  a  scries  of  observallonB  tending  to 
eliow  that  he  had  rediscovered  the  markings  found  by  Blan- 
eliini  more  llinn  a  century  before.  He  <U?<iuc;ed  for  tJic  tinw 
of  rotation  of  the  planet  23  hours  21  niinntee  22  seconds. 

The  best-infonued  astronomers  of  tlie  present  day  took  with 
suspicion  ou  nearly  all  tlieeo  observations,  being  disposed  to 
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rostain  tlio  view  of  Ilersotwl,  though  on  grotin(U  entirely  Alt 
}tit  from  those  on  wliiuh  he  founded  it.     It  U  ccitniii  tlial 
there  Kre  jilciity  of  observers  of  the  pie»cnt  day,  with  iiistru* 

■  nioiitfi  much  better  tliaii  tho^  of  tticii-  prcdvc-e^tors,  who  have 
tio\  or  bvcti  able  to  sec  nny  {icniiaiiciil  spuie.  Tho  cImc  Agree* 
ii)«ut  betu'een  tha  tiiit(»  of  rotAtion  found  by  the  older  ob' 

■  Be:'vent  U  indeed  striking,  and  might  seem  to  render  It  certain 
tliKt  tii«y  uitiht  Itave  tMvn  e(K>ta  whitrli  lasted  feuwral  d(t}».  It 
iuu>l  hUo  be  admitted  in  favor  of  these  oteerver^  that  a  lino 
Steady  atinoephero  is  as  nei^-SBsiy  fur  eiieh  obecrvaltone  sj>  a 
fine  tdc«oopc,  and  it  i«  {KiMiblu  that  iu  this  rv^peut  lh«  ItahaQ 
a«tr<>ttoiiiers  may  he  Itetter  6ituatc<]  tlian  tliuse  fartlier  north. 
Bnt  tJia  uircamstaiicu  that  tlie  deduced  times  of  rutation  in 
Ibe  caeee  both  of  Mercury  and  Vcniu  diffvr  so  iitllo  from  lliat 
of  the  CMrth  i«  soinewliat  sii8|>iciou«,  bceaiieo  if  the  u|>|x-nrnnee 
were  dne  to  any  optieal  illusion,  or  inipcrfei'tion  of  the  tele- 
B00|)Ci  it  might  re{>eat  itself  sevei-al  days  in  eiiec-u^ion,  and 
thus  give  rise  to  the  bL-lidf  that  the  time  of  rotation  was  near 

■  ly  one  day.  The  case  is  one  on  whieh  it  is  not  at  present  \M- 
•ibio  to  pronounce  an  anthorilative  decieion ;  but  the  balanoe 
of  probabilities  tti  lar^ly  in  favor  of  the  view  that  the  rota- 
tstton  of  Vonnfi  on  its  axis  lias  never  l>eon  seen  or  determined 
by  any  of  tlio  nstronomct«  who  have  made  tliifi  ]ilftnet  an  ob- 
ject of  Btudy.* 

■  AinvxfAeiv  0/  Vmuf. — Tlie  appcaraneo  of  Venus  when  near- 
ly Iietwwfli  II*  and  the  mm  affords  very  strong  cvidi-nec  of  tlio 
existence  of  an  atmosphei'e.     The  limb  of  t)ie  giianot  farllieet 

■ffrom  ^le  &nn  a  then  eeon  to  lie  illarainated,  eo  that  it  appcara 
W  a  complete  circle  of  light  If  only  half  tli«  «lobc  of  the 
planet  were  illuminated   by  the  sun,  ttiiA  appcaraucQ  conld 

Voever  present  iteelf,  as  it  ib  impo^eible  for  an  obeet^er  to  see 
more  than  half  of  a  large  spliere  at  one  view.     Thuru  is  no 


■  The  bicti  )ihyii«il  obtarrnilon'  in  \'4Triut  wiih  »1ili-li  I  nni  nc'iiinlninl  art 
IboM  or  Dr.  Vogd  dI  Dotliknmp.  in  I'liii  11.  or  iho  '~  lIoitikain|>  OWnuilani* 
i'Lci|iug.  RnEclmnnn,  I8;ii;.  Tlie  ruult  to  which  ilicic  olucrnitionn  poiiii  1*  ihu 
IIm  UMMplici-e  of  Venuii  it  (lllcJ  nitli  clouili  u>  ilctiw  ihnt  iho  lolIJ  Iwdf  of  At 
Blutt  am  nol  b«  >ecn,  mid  no  dmo  or  routlon  can  lio  ilcleiinlnai]. 
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known  way  tii  wliicli  tlie  »un  can  illiiinintite  «o  mocli  inoni 
ttitiii  tlie  lialf  of  Veiiiit)  oa  to  jteriiiit  h  oornplele  circle  of  light 
to  he  seen  except  by  the  refraction  of  an  atinoEpherc. 

Ttic  Appearance  tu  wliiuh  wc  ulhiile  -vm  Urst  noticed  hy 
Dftvid  lUttenhonse,  of  Phiiadel]ihifl,  wliilo  observing  the  Iran. 
Alt  of  Veans  on  Jnno  Sd,  1769.  When  Vemis  bad  entered 
about  )iatf-wny  upon  the  t)ini'«  dink,  po  us  to  cut  out  a  notch  of 
the  form  of  a  half-circle,  tliat  part  of  the  edge  of  the  planet 
which  WAS  off  the  diBk  apiHiarod  ilhuninatfid  eo  that  the  out- 
line of  the  entire  planet  could  he  seen,  Thongh  tliis  up|«*r- 
ancc  WAS  eontinncd  hy  othor  obeurvcrs.  it  eccintt  to  have  ex- 
cited no  Httcntton.  Hut  ic  wna  found  by  Mildler  in  1840  tliat 
when  Venus  wo*  near  inferior  conjunction,  the  visible  citHccnt. 
extended  through  more  than  a  half-urcle.  This  showed  that' 
more  than  half  the  globe  of  Venus  was  illuiniuated  by  tlie 
■an,  and  M!idler,coinpiilin!;  the  refractive  power  of  the  iilnios-. 
phere  which  would  be  necessary  to  produce  this  effect,  found 
Uiat  it  would  exceed  that  of  our  own  Atmosphere ;  tlie  Itori- 
zontal  rofrnction  being  44',  whci'cae  on  tlio  earth  it  is  only 
34'.  Ho  therefore  concluded  that  Venus  was  surrounded  by 
an  atmosphere  a  little  more  dense  than  that  of  tlie  cartli. 

Tho  next  important  observation  of  tho  kind  was  made  bj 
Ppoteesor  C.  S,  Lj'nnui,of  Vale  ('ollege.  In  iJenemlier,  ISflfi,* 
7enna  was  very  near  her  node  at  inferior  conjuuction,  and 
passed  unusually  nuar  the  linu  drawn  from  tlio  earth  to  the 
sun.  Examining  the  minute  crescent  of  thu  planet  witli  a 
modoratc-sixed  telescope,  he  found  that  ho  could  eeo  the  cntirS 
circle  of  the  planet's  disk,  an  exceetliiigly  thin  thread  of  liglit 
boing  stretched  romid  the  i^idc  farthest  froiti  tho  eun.  So  far 
as  known,  this  was  the  fir»t  time  that  the  whole  ciivle  of  VontK 
had  boon  seen  in  this  way  since  the  time  of  Kiltcuhoui<«.  It 
is  remarkable  that  both  observations  should  liavc  been  made 
by  isolated  observers  in  America. 

Nntwithstanding  the  concurrent  t<?stimony  of  'Rittenhoune, 
2Jadler,  and  Lyman,  the  bearing  of  their  obscnations  on  what 
was  to  be  expected  during  the  transit  of  Venus  in  December, 
IS74,  was  entirely  overlooked.    Accordingly,  many  of  tlic  ot^ 
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ervcre  vrere  qaite  tnk«n  by  enrprise  to  find  tliat  wlieii  Veiina 
'  was  partly  on  and  )>arlly  off  tlio  etin,  tlio  outline  of  tliat  part 
of  livr  diek  outside  (liv  8iin  coidd  be  distinguii^lied  hy  u  duli- 
cato  line  of  )if;lit  extending  ai-ound  it.  In  i>onie  cfUie*  Uie 
time  of  intcninl  contact  at  cgi-cw  of  the  planet  was  nlieu^•d, 
tlirongb  tbo  obM-nvv  mi^iiikiiig  tlii«  line  of  liglit  for  tliv  limb 
of  tJie  iUR. 

That  so  few  of  ttie  observers  fan-  Iliis  line  of  liglit  dnring 
tlio  transit  of  1~69  is  to  lie  ntlribittcd  to  lli«  low  altitude  of 
tlie  planet  ut  taort  of  tlio  stations,  and  to  the  ini|H)i'fcL-t  diar- 
aeter  of  many  of  the  inatrumeuts  iised.  It  is  also  to  be  re- 
lUarkt'd  timt  the  observers  of  that  tinio  had  an  crroncoiia  no> 

Kon  of  tlie  appeanmoc  which  would  be  presented  by  an  atinos- 
btre  of  V'enns.  It  was  Hnppoeod  that  tho  atmosphere  wonid 
^  the  planet  a  ncbnloiis  border  when  on  the  sun,  uiiuicd  by 
tlte  partial  abttorption  of  the  light  in  pushing  tJirongh  it.  Cap- 
tain Cook,  at  Otnheite,  niadn  Acparate  observntions  of  the 
contacts  of  thu  »nppuscd  aMnosphero  and  of  the  planet  with 
rthc  limb  of  the  6iin.  In  fact,  however,  it  wonld  nut  be  poesi- 
Ible  to  fee  any  indications  of  an  atmosphere  nnder  wicli  eir- 
jenmstaneee,  for  tho  rea.<ion  tliat  the  light  pBBsing  through  its 
denser  portions  would  bo  refracted  entirety  oat  of  its  com«e, 
I  as  not  to  reach  nn  observer  on  the  earth  at  oil. 
The  .'.pectroscopo  shows  no  indication  tliat  the  atinoAphero 
Venus  exerts  any  considerable  selective  absorption  njion 
lie  light  which  pastes  thruiigh  it.  Nn  new  and  WL-Il'iniirked 
utml  lines  are  fomid  in  the  light  reflected  from  the  plitiict, 
nor  has  the  spectrum  been  certainly  found  to  differ  from  tlie 
ular  solar  spectrum,  except,  perhaps,  that  some  of  tho  Itnea 
iro  «  little  stronger.  This  would  indicate  that  tlie  ntmogpLoro 
in  question  does  not  differ  in  any  remarkable  degi-ee  from  oar 
own,  or,  at  least,  does  nut  contain  ga»e«  which  u.\ert  a  power- 
ial  selective  nltsoqition  on  light. 
^B  Suf^ioud  VUthility  of  the  Dark  Htmiaphere  of  Venxts. — Many 
^^tronomors  of  high  repute  have  seen  the  dark  lieniispheix)  of 
Venus  slightly  illuminated,  the  planet  presenting  the  appear* 
ance  known  as  "  the  old  moon  in  the  new  moon's  arms,"  which 
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may  bo  seen  on  Atijr  clear  cvouiiig  tlir(.-o  or  four  daj«  afiar  tha 
di»ii»o  (if  tlic  moon.  It  i>  wvll  kiiuwii  ilint  in  tho  cau  of 
the  tiwion  ber  dark  liemispliere  U  thus  rendered  vieilile  \>y  tbo 
lifflit  retle<;tcd  from  tlio  cartli.  But  in  tlio  case  of  Vcnns, 
ttiere  is  iiu  irKrlii  ur  Other  body  l&fge  viioUjj;h  to  Flii-d  w  iinicb 
lifflil  iin  tho  dark  lictiii^iiliere  as  to  make  it  vtuible.  Tbcra 
hm\y^  no  eii&ic-ient  oxtcrnal  soiirco  of  light,  it  has  l>een  attrib- 
uli'il  to  a  |)hu«phoix'«!Cnuo  of  tiio  Htirfaou  of  the  planet.  If 
thu  jihoDphoreccenca  were  always  vUihle  under  f*\-urtthle  cip 
vnriiManccs,  there  would  be  no  serious  ditHcuUy  iu  avceptii: 
tliiii  GXplaiiution.  But,  being  only  rarvly  cvi'ii,  it  is  hard  to 
vonccivu  how  any  merely  occasional  cause  oould  ad  all  M 
unoe  iivci-  the  enrface  of  a  planet  the  size  of  our  gIob«,  ao 
to  make  it  iihini-.  Indued,  oiiv  vircumitlnncu  niakos  it  esi' 
trcmciy  dillieull  to  avoid  tlie  vonduttiou  tliat  the  whole  «[»• 
pciiritnue  is  duo  to  some  unexplained  optical  ilhtsion.  TIA; 
a])p('arnnoe  i»  nearly  always  seen  in  tlte  daytime  oi'  diiri 
bright  twilight — rarely  or  nerer  after  dark.  Bnt  endi  an  il- 
Inminacion  would  bo  far  more  ciisily  ^eon  by  nighl  than  by 
day,  bcciui»u  during  the  day  nn  appearance  easily  iicen  at 
night  nnglit  he  eJbccd  by  tlio  light  of  the  sky.  If,  tlicn,  the 
phenomenon  is  real,  why  ia  it  not  bocd  when  thu  ctrciiiostani 
are  Gncli  that  it  should  be  most  conspicnously  visible?  Tl 
fa  a  question  to  which  no  eatisfactory  answei-  liarS  been  given, 
and  until  it  is  answoavl  wu  are  jiistilicd  in  considoritig  the  ap- 
pearance to  bu  purely  optical. 

iSuppoted  &ltUile  of  Vmiis. — No  better  illuBtralion  of  the 
roi3  to  which  obM-rvatiouR  with  iinpcrfi-cl  inslrumcnta  are  1 
bio  can  bo  given  tlian  tiie  supposed  obeervntioiis  of  a  wtelltta'l 
of  Venu9,  made  when  the  telescope  was  still  in  ita  infancy. 
In  1072,  and  again  in  ldS6,  Cflssini  saw  a  fniiit  object  Si 
Veniiti  whidi  exliibiied  u  plni-sc  similar  to  that  of  the  planet^ 
But  he  never  saw  it  except  on  these  two  occaaions.  Aeiniilar 
object  was  rcporlL'd  by  Short,  of  England,  as  seen  l)y  liim  on 
October  23d,  1740.  Tho  diiunetcr  of  the  objoct  was  a  tliird 
of  tJiat  of  Venus,  and  it  exhibited  a  similar  phase,  ^veral 
other  obGcrvoi^  ttaw  the  same  thing  between  1700  and  1764 


^ 
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Odo  utronomor  went  eo  f ar  u  to  ooinpiito  an  orbit  from  all 
die  observatioiid ;  but  it  was  an  orbit  in  whicli  iiu  Katcllite  of 
Teniw  uould  pOBsibljr  re\'olro  uiitoes  tbo  mass  of  the  plauct  were 
teti  times  at  groat  n»  it  reallj-  u.  A  cuntun-  lift«  now  cIsiwhI 
witliont  the  satellite  having  been  seen,  and  the  fact  that  dtir- 
iitg  tliia  oontunr  the  planet  has  been  t3criitini7^d  xrith  better 
t«lcsco|*M  tlian  aiiv  wliich  vrvro  ii^ud  in  tlio  observations  re- 
ferred to  affords  abundant  proof  that  the  object  was  vntireljr 
mythical. 

Uow  ttto  obecrvcn  who  thought  thcv  raw  thu  object  could 
have  been  so  deceived  it  is  impossible,  at  thiii  dislancu  ot 
time,  to  say  with  certainty.  Had  they  been  inexperienced, 
wo  ootild  say  with  sonic  oonfidcncu  that  they  were  misled  by 
tlie  fabe  images  produced  to  some  extent  in  every  telescope 
by  ttiB  light  reflected  from  tlie  cornea  of  tlie  eye  against  tlic 
nearoet  siirfacu  of  tho  eye-piece,  and  thenco  back  again  into 
the  oye.  Similar  iniu^H  arc  eoniclinics  pi-odiiccd  by  tho  re- 
flection of  light  between  tho  flnrfaoos  of  tlie  various  leiuea  of 
the  eyo- piece.  Tlicy  are  well  known  to  astronomers  nnder 
tiie  name  of ''ghiHt«;''  and  one  of  tliu  lint  tilings  a  yoimg  ob- 
•erver  must  learn  is  to  distingnish  tliem  from  i-eal  objects. 
They  may  a]so  arise  from  a  slight  maladjustment  of  tlie  lenses 
of  the  eye-piece,  and  if,  proceeding  from  tliis  canse,  they  are 
produced  only  when  the  actual  object  is  in  tlie  centre  of  tlie 
tidd,  tliey  may,  for  the  nmnicnt.  deceive  the  moat  experienced 
observer.*  If,  in  an  ordinary  achromatic  telescope,  in  whidi 
the  interior  curvatures  of  tlio  louses  are  tho  Mine,  tlic  latter 
are  not  exactly  at  tlic  Dame  di«taiice  nil  the  \viiy  round,  a  ghost 
will  be  seen  along-«ude  of  every  bright  object  in  all  positions. 

[It  is  probable  that  all  tlio  observations  alhidod  to  were  the  ro- 
milts  of  some  sort  of  dcnuigomcuts  in  tho  telc«coi)e,  producing 

.  falM  images  by  reHection  from  the  glasses. 

f 

•  One  of  the  B]^pj««*  of  ih«  ffnml  VmUocKHI  ItlMCOpS  fbowt  n  bvnntsrul 
Ibtlc  MlcUiia  ktung-iidc  (lie  plonet  b'faniM  or  N^tdiw  whan  lli«  \utaga  of  tho 
pbaei  i*  brought  uxaclly  in  tW  cenire  oriljo  fivlJ  ofiitw,  liiii  it  ^liui|ipmr*  h 
■oon  •■  the  telompe  ia  tnoted.  Tlie  writor  nn«  d<.>r«<r«(l  by  (hU  nppMnnM  on 
<  bn  MCuioiM  nliiU  icraHniiiiii:  tli«ae  pinnau  for  clota  *ai«Ull««. 
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§  4.   Ue  EarA. 

Our  earth  ic  the  third  pktiet  iii  tbe  order  of  di^tanoe  from 
Uie  SUM,  niid  slightly  tlie  largest  of  the  inner  group  of  foar. 
Itfl  mean  dietAnoe  frnm  tim  eiin  ie  about  02)  iniltioiu  of  inilen; 
but  it  is  It  inillioii  niid  a  luilf  \f»  tliiui  this  mean  on  Januaty 
IsC  of  every  year,  and  as  miit-h  j^-eater  on  July  1«.  That 
k,  its  actual  distant  varies  fi-oin  01  to  04  millions  of  miles. 
As  alivady  roinai-ked,  tlio»c  nuinliei-s  are  iinceilain  by  several 
hnndrcd  tiioiisand  miles. 

Much  of  what  we  may  vail  tlic  astronomy  of  the  earth — 
such  as  its  liirni-e  and  iiin^the  length  of  the  year,  tlie  obliq- 
nity  of  the  ecliptic,  the  caiiw»  of  tlic  changes  in  tlie  seaMiu 
and  in  the  length  of  the  dars-^Iias  already  been  treated  in 
tliu  ehaptcr  on  gi-«vilntioii,  feo  that  wc  ha\-c  little  of  a  purely 
astronomical  diarauter  to  add  here.  The  features  of  its  »ni 
fact!  and  the  plieiioinena  of  its  nttno^phere  belong  rather  tO' 
gcogrnpliy  and  meteorology  than  to  a5tix>nomy,  Bnt  its  consti- 
tution gives  riitc  to  several  questions  in  the  treatment  of  \v'liic]i 
astronomical  considerations  come  into  play.  Pi'ominent  among 
tliesc  is  tbat  of  the  state  of  tlio  great  interior  masiS  of  oar 
globe,  whether  solid  or  liquid,  It  is  woll  known  that  wbc 
ever  we  descend  into  the  solid  portions  of  the  eartb,  we  find 
rise  in  teinixu-atnre,  going  on  uniformly  with  tho  depth,  at  a 
rate  which  nowhere  differs  greatly  from  1"  Fahrtidicit  in  50 
feel.  This  rise  of  temperature  lias  no.  connection  with  the 
sea-level,  bat  is  found  at  all  [mints  of  the  surface,  no  iiialt«r 
how  clc\'ated  they  may  he.  Wherever  a  difference  of  tem{)eT^ 
alnre  like  this  existit,  there  is  necessarily  a  c(>nst<iiit  transfer  of 
heat  from  the  i.aiinerto  the  oooler  strata  by  conduction.  Id 
this  way,  the  inequality  would  soon  disappear  by  the  warmer 
alrata  cooling  off,  if  there  were  not  a  constant  supply  of  hoat 
inside  tlie  earth.  The  rise  of  temi>eraturc,  therefore,  cannot 
be  something  merely  EUpoHioial,  but  mnst  continue  to  a  great 
depth.  If  we  trace  to  past  tini^s  the  conditions  nltidi  iniKt 
have  existed  in  order  tliat  the  increase  might  show  itself  at  ttio 
present  time,  wo  sball  8nd  it  almost  certain  that,  a  thousand 
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'years  ago.  the  whole  earth  was  red-hot  at  a  distance  of  ten  or 
fifteen  mWei  below  iu  surface;  becaiuc  othvrwU>e  its  inlorior 
could  not  have  funiistied  the  euppi;  of  heat  which  now  causea 
tlte  obsorvod  increase.  This  hcing  the  cose,  it  is  probably  rod- 
hot  filill.Muce  it  would  he  sb«iii-d  to  ox|>cct  a  Htate  of  thingi 
like  this  to  be  merely  temjioniry.  In  n  woi'd,  we  hj»ve  every 
reason  to  believe  that  tlio  incruaae  of  say  100^  a  niilo  coiitin- 

rtiM  ninny  miles  into  the  interior  of  the  earth.  Then  we  shall 
have  A  red  heat  iit  a  distance  of  13  mile?,  while,  at  tlie 
deptli  of  100  miles,  the  tcm[>cratiiro  will  Ihj  so  high  as  to 
molt  nio»t  of  tlie  innteriah  which  form  llio  solid  cfmI  of  the 
globe. 

We  ai-c  tlins  led  to  tlie  theory,  very  generally  received  by 
geologist^  that  the  earth  i*  realty  a  »phcro  of  moltuii  niatlor 
■nrroDnded  hy  a  eomjnirativeiy  thin  solid  crn»t,  on  which  wo 
live.  This  crnet  floats,  as  it  wei-e,  on  t)ie  molten  iiitei-ior.  It 
^  miMl  be  confessed  that  geological  facts  are,  on  tlie  whulo,  fa- 
^Torabie  to  (his  view.  Obiiervations  on  the  pendulum  Imve 
been  supposed  to  show  that  the  specilie 
gni'ity  of  the  earth  under  tlie  great 
mountain  chains  is  generally  Il-m  than  in 
tlio  adjoining  plains,  which  is  exactly  the 

tresnlt  that  would  flow  from  the  theor)*. 
Ttie  heavier  masses,  pressing  upon  the  in- 
terior fluid,  would  tend  to  elevate  the  sui-- 
I  rounding  lighter  masses,  and  when  tlie  two  Fm.n.— ShawInK  ibicknm 
^ero  in  cqnilibrinm,  the  latter  would  bo  C^CXrcrb;S; 
tlio  hicher,  as  a  Boating  block  of  pine  n  «' "  m""*"  miwior. 
wood  Will  rise  higher  out  of  the  water  pm,mni,.inii.n  ih.  ioiid 
than  a  block  of  oak.  Boiling  springs  in  ""'^ 
many  jmrls  of  the  globe  show  that  thei-e  are  numerous  hot  re- 
gions ill  the  earth's  interior,  and  this  bent  cannot  be  merely 
local,  becanse  then  it  would  soon  be  ditwipated.  But  the  geol- 
ogist finds  the  strongoet  proof  of  the  theory*  in  volcaiio>.«  and 
earUciuakes.  The  torrents  of  lava  which  have  Iwen  thrown 
out  of  tlie  former  through  thouBands  of  years  show  that  there 
lue  great  ^-olumes  of  molten  matter  in  the  earth's  interioi; 
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wtiilo  the  latter  bIiow  thie  interior  to  be  enbjeot  to  violent 
ohangeA  wliicli  a  t^oliil  could  not  cnhibit. 

But  Riatbematiciaiis  liave  never  been  nble  entire!}'  to  rec- 
oncile tlic  tlioory  ill  question  with  ibe  obeerved  pbenomeiin  of 
precession,  niitftttoii,  nnd  tidi-^.  To  ail  apiwaramti,  the  earth 
resists  the  tide-pi'oducing  adion  of  the  sun  and  moon  vxnctir 
a»  if  it  were  »olid  iroxn  cDntiX)  to  uirciiinfereiice.  Sir  William 
Thoiii»OM  \ii\A  Hhown  ilint  if  tlie  earth  vrorc  loss  rigid  than  Etcvl, 
it  woald  vield  so  mticli  to  this  action  tlmt  tlie  tides  would  b« 
much  smaller  than  on  a  perfectly  rigid  eartb  ;  that  is,  the  at- 
traction of  the  bodivii  in  qucsiiuii  would  draw  the  eiu-th  itself 
ont  into  an  o1li])soidal  form,  instead  of  drawing  nierclj  tin 
waters  of  the  ocean.  Earth  and  ocean  moving  together,  we 
could  SCO  no  tidc«  at  all.  If  the  eartli  ucix:  only  a  thin  sliell 
iloittiitg  on  a  liquid  interior,  the  tides  would  bo  produced  iu 
the  latter;  the  thin  eIicII  would  bend  in  such  a  way  that  tlto 
tides  in  tbo  oecaii  would  bu  nearly  neutralised.  Again,  tlw 
tjueetion  \isM  amen  whether  the  liquid  interior  would  be  af- 
fected by  precession ;  u'bether,  in  fact,  the  crn»t  would  not  slip 
over  it,  so  that  in  tiniu  the  liquid  would  rotate  in  one  direc- 
tion, and  tlie  crust  in  another.  Allngelhor,  tlie  doctrine  of  the 
eartb'it  Unidity  is  so  franglit  with  dillicnlty  that,  iiolwiUisland- 
ing  tbo  Eceming  sIrL-ngth  uf  the  evidviivt;  in  its  favor,  it  must 
bo  lejfui'dcd  u«t  at  Iciutt  very  doubtful.  It  may  I>c  added  that 
no  one  denies  tliat  the  iiilcrior  of  our  planet  is  intensely  hot- 
hot  enough,  in  fact,  to  melt  the  rocks  at  its  surface  —  but  It 
is  euppoH.-d  that  the  oiiornioun  pi-cfsure  of  the  outer  portions 
icikU  to  keep  tlie  inner  part  fmni  melting.  Nor  is  it  qnc«- 
tioned  by  Sir  William  Tliumsou  tliat  tlioru  aru  great  voIdiimm 
of  molted  matter  in  the  earth's  interior  from  whicli  volcanoes 
are  fed;  but  he  maintains  tiiat,  after  all,  these  toIihim*  are 
email  compared  with  that  of  the  whole  cartli. 

ItefractloH  of  the  Atmosphere. — If  a  riiy  of  light  pass  through 
our  atnio»phero  in  any  other  than  a  \ertical  direction,  it  is 
constantly  curved  downwards  by  llic  rcfraclive  power  of  tliat 
uiedium.  The  more  nearly  horizontal  tlto  conrso  of  the  ray, 
the  greater  tlie  curvature.     In  consequence  of  this,  all  the 


ftvenly  bodies  appear  a  little  nearer  the  Kiinith,  or  n  little 

'higher  above  the  horizon,  than  ther  actually  aro.  Tho  die- 
placciiicut  18  too  small  to  bo  ecen  by  tliv  naked  ttyc  except 
qititu  near  the  horizon,  where  it  incre»Be«  ru]>i(11}',  nniotinting 
to  more  than  Iialf  a  d«gree  at  the  horizon  itwlf.  CoiiBoijuent- 
ly,  at  any  point  whore  we  liave  a  clear  horizon,  as  on  a  piairis, 
or  the  »ca-«hoi-o,  tho  whole  ili»k  of  the  sun  will  be  seen  above 
the  horizon  when  the  true  direction  is  below  iL  A  slight  in- 
crease ia  thns  gi\'en  to  the  length  of  the  day.  The  sim  in  our 
latitiiilvft  always  ritee  llin-c  ur  four  niiniiti-if  «ouiR'r,  and  «ct« 
three  or  fotir  minnlos  Inter,  than  he  wonid  if  there  were  no 
atmosphere.  At  tlic  time  of  the  equinoxes,  if  wo  eoppoeo  the 
dav  to  iMFitin  and  end  when  tho  cc-nrrc  of  tlio  kiiii  h  on  the 
horizon,  it  l*  not  of  the  mmc  length  with  the  night,  bnt  is  &ix 

I  or  eight  minnles  longer.  If  we  sappcee  tho  day  to  begin  with 
the  rising  of  tlic  sunV  npi>er  limb,  and  not  to  end  till  the  ftaine 
litnb  lia«  set.  then  we  nitiiyl  add  Bonie  three  minntos  more  to 

I  its  length. 

If,  standing  on  a  liil),  wo  watch  the  sun  rise  or  set  over  the 
ocean,  one  effect  of  refraction  will  be  quite  clearly  vi&iblc. 

,  When  his  lower  limb  almost  seems  to  tonch  tJie  water,  it  will 
ite  seen  that  the  form  of  his  disk  is  no  longer  round,  bnt  ellip- 
tical, the  horixontal  dlnmetvr  being  gi«ator  tlinn  ihi;  vcrtii-al. 
TIiQ  reason  of  this  is  that  the  lower  limb  ia  more  elevated  hj 
refraction  tlian  the  nppcr  one,  and  tlius  tho  vortical  dianioter 
is  diminished. 

In  pravtioil  astronomy,  all  nbeervations  of  the  altitnde  of 
the  hoavonly  bodies  abovo  tho  horizon  must  bo  corrected  for 
refraction,  the  true  altitude  being  alwHVii  lc««  thnn  that  ob- 
served. Very  near  tl>0  zenith  the  refmotion  ia  abont  1"  for 
every  d<^roo,  or  yg^  pait  the  distance  &om  tlio  zcnitli.  Bnt 
it  increases  at  flitt  in  tlic  proportion  of  the  tangent  of  the  zo< 
nith  distance,  so  that  at  45^,  or  half-way  between  the  zenith 
and  Uie  horizon,  it  amounts  to  60";  at  tbo  horizon  it  is  34'. 

73fce  Aurora  Borcalif. — This  phenomenon,  though  6o  well 
known,  ia  one  of  which  great  diflicnlty  has  been  fonnd  in  giv- 
ii^  a  satisfactory  explanation.    Tliat  it  is  in  somo  way  con* 


Fn- T^.— DtBUIbmlou  ofnqr'inii.  A^cr  l^onilv.    The  AArknf  Ihc  color.  Ihe  man  CMQMKltf 

nectod  with  tlifi  |)ole  of  the  enrtli  U  ii)iou-n  by  thu  fact  that 
lis  frequency  depends  on  tlie  latitude.  In  the  eqiuitoi'ial  n^ 
gions  of  otir  globe  it  is  quite  rare,  ami  incn-iucs  in  frcqiieiic 
u  we  go  nortli.     Diit  the  region  of  givate&t  fitiqueiicy  somis^ 


THS  SABTB. 


309 


w,  not  t)io  poire,  but  the  neighborhood  of  the  Arctic  Cir- 
cle, from  whioii  it  dimini«]iu4  towai-d«  bulU  tho  north  mid  tlie 
sontb.     Tliia  is  sliown  more  exactly  in  Professor  I«omis*i 

IMtron]  map,  of  vrhicli  we  ^ve  n  copy  on  Uio  prccedtit*;  page. 
Jl  L-loea  etndy  of  lliu  Auront  iiidicatos  tltnt  ita  connection  ia 
Dot  witb  llie  gcogi-aphival,  but  with  the  magnetic  pole.  'Two 
diMnii-t  kinds  of  light  am  econ  in  tim  anrora;  or  wu  might 
eay  that  tlic  light  aii'^iime*  two  distinct  forms,  of  which  some* 
B'timvt  tlte  one  and  sometimee  the  oClicr  preponderates.  They 
"are  as  fallen's: 

1.  Tbti  uloEid-lik*!  form.  This  consiflta  of  a  large  ilTegltla^ 
^  pfttch  of  light,  frequently  of  a  red  or  purple  tinge.  It  is  seen 
'  in  every  direction,  but  moro  frc4jnontly  in  or  near  tlic  iiorlhem 
horizon,  w}icrc  it  aKitimes  the  form  of  an  arch  or  crown  of 
light  Tho  two  cuds  of  the  arch  rest  on  tho  horizon,  one  on 
each  side  of  llio  north  [toint.  Thv  middle  of  tli«  arch  rises  s 
few  degrees  above  tlio  horixon. 

^^2.  Tlio  streamer  or  pilUr  fonn.    This  form  consists  of  long 
etrcamera  or  pillanK  which  extend  in  the  direction  of  the  dip- 
ping magnetic  needle.     They  look  curved  or  arched,  like  the 
H  eeleetial  sphere  on  which  they  are  projected,  hut  llioy  are  ro- 
I  allr  ktnigbt.    They  are  in  a  etato  of  oon&tant  motion,    tionie- 


Pio.  T". — Vmw  "f  auruia. 
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titnei  tlio,v  Arc  iipi-oad  out  iti  the  fonn  of  nii  Irnmeme 
with  riiiiiiei'otiA  foid^,  dancing,  quivering,  and  nndiiladng, 
if  moved  by  the  wind. 

EUvtrk  SutiiTi  of  lAe  A  iirt/ra. — There  is  abundant  cviden<!0J 
that  the  aurora  is  intimately  connected  with  tlie  clevtricitfl 
and  magnetism  of  the  eartli.     Din-in^  a  brilh'ant  anmra  such 
strong  and  irregular  currents  of  cluclHcitj  {muia  thmngh  the 
lelegi'iijih  wni»  that  it  is  dilH(;nlt  to  send  a  despatch,     Some* 
times  the  cnrrent  runs  with  *,wh  force  that  a  invMugti  mar 
be  Bent  without  a  battery.     The  magnetic  needle  is  niao  iu  u 
statu  o£  grt«at  agitation.     Before  ihe  spectroecope  camo  into 
iitCf  ihc«o  electric  phenomena  fx.\-e  rise  to  the  opinioti  that 
the  nnrora  wa»  due  entirel^y  to  cnrrcnta  of  electrieitv  [lomin^j 
throngh  tho  up]>or  regions  of  tho  Htmosphci-o  from  one  pole  to' 
the  other.     But  recent  rcMwrches  8cem  to  t\io\v  that,  though 
this  view  may  be  partly  trne,  it  is  far  from  tho  whole  (rnth, 
and  doeii  not  afforti  a  i^ompleto  espknalion.    The  great  height 
of  tho  anrom  and  tlie  nature  of  its  «pcctruio  boUi  ujilii«r« 
against  it. 

llriijhi  ofOit  Aurora. — Several  attempts  ha\-e  been  made  in' 
recent  times  to  dotcnnino  tho  height  of  tbo  ani-oni  above  the 
fiurfa<ro  of  tho  earth,  by  nimuUiincoiifl  okiorvations  of  sume^^ 
prominent  streamer  or  patch  of  liglit  from  several  far-i)i>tutit 
stations.  Tho  gcnciid  itwuU  is  tliat  it  extends  to  tlte  hejglit  of 
from  400  to  600  miles.  But  the  evidence  of  sliootiiig- stars 
and  mctcora  scoms  to  indicate  that  the  limit  of  the  atniot«|iIion: 
lA  between  100  and  tlO  milca  in  height.  If  It  extends  a)>ove 
thi»,  it  must  be  too  rare  to  conduct  nlc>0lriclty  long  before  it 
reaches  the  grvatcst  height  of  tlie  anrora  ;  indeed,  it  is  donbt- 
fnl  whether  it  doo«  not  attain  this  rarity  at  a  height  of  40  or 
60  milea  If,  tlieii,  the  aurora  really  extends  to  tho  great 
boight  wo  have  mentioned,  and  still  existii  in  a  gaseous  medi- 
um, it  seems  difficnit  to  avoid  tho  conclusion  that  this  inedicim 
is  something  far  more  ethereal  than  tho  gases  whicli  form  od» 
atmOBphere.  It  would,  however,  be  nnphilosophical  to  assnme 
tho  existence  of  audi  a  medium  without  some  other  evidence 
in  its  fftvor  than  tliat  afforded  by  the  anrora.    We  must  in- 
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cRiio  the  anmra  amnng  thoeo  tilings  in  which  modern  ob- 
sorvstioDS  bavo  opened  up  more  difficultiu  tliun  iiiodurii  thiiO' 

Irics  have  explained. 

Spectrum  ofOit  Auroi'a. — Tlie  siwctnim  of  the  nnrnm  in  *c 
fta  from  uniform  s«  tu  be  quite  puzzling.     Tliurc  is  one  eliar> 

iavtcmlic  bright  line  in  ttic  green  part  of  tbe  siwctrnin,  known 
as  Angatroin*fl  line,  from  its  first  discoverer.  This  was  tht 
only  line  Angstrom  could  see:  ho  thci'cforo  pronounced  tlie 
light  of  tltc  anrora  tu  be  entirely  of  one  color.  Sitl>»o>|nciit 
obteri'eis,  however,  raw  many  additional  lines,  but  they  wtiix! 
different  in  uifferent  unroiiis.  Among  those  who  have  miide 
careful  Mudie*  of  llie  aurora  with  the  ii[>eutros<:opo  uro  iho 
late  Professor  Winlock,  of  Uarvard  University:  Professor 
Barker,  of  Philadelphia;  and  Dr.  H.  C  Vogel,  formerly  of 
Botblcamp. 


I 


t>  t    1  r 

FiO.  n. — Bpecuam  of  M>«  ot  tbo  (real  laran*  of  mi,  atMr  Dr.  H.  C.  Vog^L 

Fig.  78  shows  the  specitra  nf  two  nuroraa,  ns  drawn  by  Dr. 
Vogel.  It  will  be  seen  that  there  is  one  line  bright  line  he- 
tweeo  D  and  A',  whieh  would  fall  in  the  yclIowi«h-grcoii  ))iirt 
of  the  spuctnim,  while  tlie  others  are  all  brnad,  ill-detiiied 
band*.  I>i'.  Voiifl  notiees  a  romarkablo  connection  between 
these  lines  and  i«vcral  groups  of  lines  produced  by  tlie  viifior 
of  iron,  and  inquires  whether  thitt  vapor  can  possibly  exist  in 
tlie  np[)er  regions  of  our  atmosphere.  A  more  complete  study 
of  the  spectra  of  vaporx  at  different  prcwur'O*  and  tem|ierft- 
tares  is  necessary  before  we  can  form  a  decided  opinion  as  tu 
what  the  aurora  really  is. 
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Of  t1)0  supposed  iwriodicity  of  tlic  iiiii-<>ra,  mid  its  <!oni>&ctioii 
witli  8tiii-s[>i.>i6,  ue  lia\e  nli'cailj'  8]>okeii.  Grantiiig  Uie  lealilj 
of  tliis  connuction,  we  may  expect  that  auroras  will  be  very 
fi-eiiiieiit  betwoua  tbo  years  ISSO  and  18S4;  and  if  tliia  es- 
peclatiuii  lit  ruulizbd,  Uulu  duiibl  of  the  uoiiiicotioii  will  roiuaiD. 

g  5.  The  Moon. 

The  moon  is  mucli  tlie  iieai'c$t  to  us  of  all  tbo  bi-nvuiily 
bodies;  »o  o1h«r,cxoei>t  possibly  a  comet,  ever  coming  iieiitr 
tbaii  n  Imndred  times  bcr  diatauce.  llcr  n>L>au  ctistauue  is,  iti 
roimd  nimibure,  240,000  iiiilcH.  Owing  tu  tbu  cllipticily  of  ber 
orbit  and  the  attmctivo  force  of  the  HUti,  it  tTiries  from  te»  to 
twenty  tbon»md  miles  on  eaub  side  of  this  inenn  in  the  course 
of  each  monthly  rovulutioii,  Tlio  least  ijo^iblc  di«litiiL-B  is 
321,000  miles;  the  grcutext  is  250,COO  miles.  It  very  inroljr 
approaches  cither  of  these  liniiUi,  X\ic.  usual  oacillatiou  being 
about  13,1)00  milca  on  each  side  of  the  mean  distHnoe  of 
240,300.  The  diameter  of  tbe  moon  is  £160  miles,  or  some- 
wbftt  l«*8  limn  two-wventliB  that  of  lite  carik  Ilcr  volume  is 
about  rine-liftiutb  ibiit  of  the  cartb,  and  if  »!ie  were  as  dcttse 
as  tbo  latter,  her  ma»$  would  he  in  tlie  same  )>roport>oiu 


Pio.  TO.— Relillvo  alie  olMith  «iiJ  moon. 

But  lier  actual  ma£«  vt  only  about  one-eight  iotb  that  of  tbo 
fjirlh.  Khowin^r  that  her  density,  or  the  siwcttic  gravity  of  the 
material  of  wbieh  she  is  composed,  is  little  more  than  Iialf  that 
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of  our  globe.    Her  weiglit  is,  in  fact,  about  3)  times  that  of 
■  bulk  of  water. 

The  inoet  reiriarkable  fcatiii«  of  t)te  motion  of  tlio  iitoun  », 
''that  site  luskes  unc  rovobitiuii  uii  lier  axis  in  tbo  eamc  timti 
that  she  rerolvci  untiiiii]  lliu  iiirtii.nud  eu  alwn^'s  i>i'(!iii)iitH  tbu 
saine  ftce  to  na.  In  consequence,  the  otiier  side  of  tbe  tnooii 
must  remain  forever  invlsiblu  tu  butiiati  ovc?.  Tim  reasoii  cl 
tliie  [>c<:ulturilv  in  to  lie  found  in  Iliu  i-lli|>Lioity  of  livr  glol*c. 
That  ihe  shotild  origiiinlly  hare  been  t«t  in  revolution  on  iier 
axis  with  preciselj-  the  sanio  voWilj-  with  which  she  rovolvt-d 
around  tliv  oartli,  so  that  not  thu  xl!t;hlwt  vuriiition  in  the  ii.- 
hiion  of  the  two  molionfl  fihoald  ever  occnr  in  tlie  ooiirne  of 
Bg«s,  is  highly  im{ki-obahle.  If  such  hod  been  tlio  Mato  of 
things,  tho  correspondence  of  the  two  niotione  eonid  not  ha\-c 
been  kept  up  without  her  itxifll  rotation  varying;  bccanw, 
owing  to  tlie  secular  acceleration  already  deacribed,  the  niiron, 
in  the  coiii^e  of  ugce,  vnrios  her  tiuiu  of  revolntion,  and  en 

KtJtc  two  motions  would  cen#e  to  coi-rc»))oiid.  Itiit  llic  cfTiHt  uf 
the  aUraction  of  the  earth  npon  the  slightly  eionj;nteil  Iniiiir 
globe  is  eiich  that  if  the  two  motiuiis  aro,  in  tha  he^tniiing, 
very  near  h^ether,  not  only  will  tho  axial  rotation  at-coninio- 
date  itAcIf  to  the  orbital  revolution  nmnnd  tlio  •■nrlli.  but  no 
the  latter  varies,  tho  fanner  will  vaiy  wiih  it,  and  thii)>  tlie 
corrc«pond(.-iiiH;  will  he  ki*pt  np. 

/•'iifin; /iolitlioii,  a!i<i  Lihnttmt  of  ihe  jl/i»n. — Siippnsin|;  the 
ehapo  of  iho  moon  to  bo  the  same  as  if  it  were  a  fluid  mass, 

Kor  covered  by  nn  ucl-sii,  it  wilt  be  an  ollipioid  witli  tlii'co  nn- 
crgnid  n\c«.  Tho  fliorte^t  axio  will  lie  thiit  nitiniKl  which  it 
revolvee,  whicli  is  not  very  far  from  being  peqiendicuhir  to 
tl»o  ecliptic  Tho  next  longest  is  that  whioh  lies  in  tho  direc- 
tion in  whirh  the  moon  moves;  while  tho  longest  of  all  is 
that  which  points  towards  the  earth.  The  reason  tlitit  lliu 
polar  axis  is  tlio  diortcst  is  the  Kanic  which  makes  tho  polar 
axL«  of  tho  earth  the  shoilest,  tiiat  i*,  tlie  contrifn£;nl  fori-c 
generated  by  the  revolntion  round  tliat  axis.  If  we  consid- 
ered only  Iho  action  of  thta  foi-oc,  wo  should  conclude  that  tho 
JDOOQ,  like  tho  cailh,wna  an  oblate  spheroid,  the  equator  b?- 
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big  «  i>crfo<:t  vircle.  But  the  attraction  of  Uie  earth  npon  tha 
mooTi  toiids  to  cloiigatu  it  in  llio  dir«(.'liuii  vS  tiiu  linu  juirtiiig 
the  two  bodice,  iu  tlic  same  uay  tiiat  the  nttrnolioii  of  the  inoou 
upon  tilt;  cnrtli  geiieratee  a  iitlL--])rQdui;ingforue  wlireh  wctiave 
already  cxpluiuud.  At  tliu  ceiilre  of  tbc  niuuii  iho  ultrtiL-lioD 
of  t]io  UHitli  and  tlio  centrifugal  force  of  the  moon  in  its  on 
bit  exactly  linlauue  eai-li  otiier.  Unt  if  we  go  to  tbe  farthoi' 
Mde  of  the  uioun,  tliu  t.'t^'iitrif iiji^l  foi  w  will  be  gitmtvr,  owing 
to  tlic  larger  orbit  wliieh  tlmt  part  of  tlie  inotm  lias  to  de- 
eciibc,  while  the  ntlrauiton  of  llie  earth  will  bo  lees  owing  to 
the  greater  diittauce  of  tbc  ptirliclus  it  attnetK.  Uonco,  tliat 
part  of  the  nioou  tcnd«  to  fiy  off  from  the  centre  and  from  tlie 
earth.  On  this  tide  of  the  moon  tlic  ca»o  i^  reversed,  the  at- 
tractive ffii-oe  of  the  earth  execuding  tho  centrifngal  force  of 
those  (inrtB  of  the  moon,  whence  those  parts  are  im^Nillod  bj  ft 
force  tending  to  draw  them  tu  the  earth.  The  effect  vronld 
be  mncli  the  »anio  a«  if  a  in^v.  were  fa»tone<l  to  this  tide  of 
the  moon,  and  constantly  pnlled  towards  the  earth,  white  an- 
other were  fastened  to  the  opposite  side,  and  as  constantly 
piiUcd  from  ihv  earth.  Bii]>|K»ing  the  moon  to  be  n  liquid, 
ao  AS  to  yield  freely,  it  is  clear  that  the  effect  of  these  forces 
woidd  Iw  to  elongate  lier  in  the  direction  of  tho  t-anii. 

The  doviations  fruni  a  Kphcneat  form  [midiK-ed  by  tliMO 
causes  are  very  minnle.  Taking  tl\e  results  of  Lagrango  and 
Newton,  the  mean  axis  would  ho  46i  foot  longer  than  the 
Bbortc«t  one,  and  the  lungo^t  1SG  foct  lon^r  than  the  moan 
one,  or  232^  feet  longer  tlian  the  ahortest  one.*  Tlie»c  differ 
enccs  oi-o  so  much  smaller  than  the  average  height  of  the 
lunur  nionntuins  that  the  irrcgnlarilicfi  produced  by  tlio  latter 
might  entirely  overpower  them ;  but  the  corrccpondence  bo* 
fr^-eon  the  motions  of  iwtation  and  revolntion  of  (ho  tnoon 
sbowa  that  there  nin»t  !>?,  on  the  nvcra^,  a  real  elongation  in 


'  Hwm  BiUBban  Bi«t  pcnia|».  nut  ■iricttjr  eorrort.  Tlia  oxiciidon  ef  IM  t»» 
mi  dtdocid  I7  Kffiraui  tatB  a  cMapsrlton  of  th«  dUtorUng  |N>w«n  of  lit  c«BUff- 
ngiiHiirM  of  tlivMTth  wlili  ilint  of  ihe  forco  we  h)iv«Jntt  d«i*cribed.  11«  wein* 
to  tiATo  orerioolwl  the  tati  tlist  tlio  tniftU  tlwiiiiy  of  tlM  laoan  wOl  cana  lb* 
■longniioii  to  be  cnator. 
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lirection  of  tlie  earth.  Tliis  corrcspnntloiice  is  kept  tip  t>v 
ligbt  additional  attraction  of  tlio  vartli  upon  ikis  uxtunition 
of  Uhj  inooD  towards  the  earlti,  comUticd  with  tlio  additional 
centrifugal  forw  of  the  exteasion  on  tlie  otlier  side,  Alllionj^h 
tli€M:  furovs  11113  iiot  t*,T  any  mcsns  tliv  saiiic  as  tlio  difitortiiig 
foroes  already  de»uribed,  thej  may  be  represented  in  tlic  »utiic 
way  by  two  ropes,  one  of  which  i>iillfl  the  protuberance  on  this 

IBtdc  towards  [Iio  earth,  while  the  other  palU  the  protuberuiice 
on  t!ie  other  side  from  it  If  the  tn-o  protnbci'anvcfi  dti  not 
point  exac-lly  towards  the  earth,  the  effect  of  the«e  two  minnte 
lorraM  M'ill  be  to  draw  tlivin  very  elowly  into  line.  Cunee- 
qiieutly,notwitii&tandiiig  the  alow  variations  to  which  the  mo- 
tiou  of  tliu  moon  ai-uiiiid  tJie  eartli  is  subject  in  the  cotii-se 
of  ages,  (he  attraction  of  the  earth  will  alwayu  keep  this  pro- 
luberaiit  face  turned  ton-ai-d»  ns.  Human  eyea  will  never  be- 
hold tliu  other  side  of  the  tnoon,  unless  some  extermit  force 
»act«  upon  her  eo  fle  to  overcome  the  elight  balancing  force 
jnit  deHeribcd,  and  wt  her  in  more  or  tG88  rapid  mutiuii  on 
her  axia.  If  it  is  di^ippointing  to  reflect  that  we  ai-e  for- 
ever deprived  of  the  view  of  tho  other  side  of  our  sntellite,  we 
nmy  conwle  ouraclves  witli  the  reflection  that  Uicre  ie  not  the 
alightei't  rewon  to  believe  that  it  dilTer«  in  any  rc»pcct  from 
this  side.  Tlio  atmosphere  with  which  it  has  been  covered, 
and  the  inhabitants  with  which  it  lias  been  peopled,  arc  no 
better  tlian  the  prftdnct.*  <>f  a  jioetic  imagination. 

The  foif^es  we  have  just  described  as  tending  to  keep  tlie 
came  face  of  the  moon  ix>iiilcd  towards  us  would  not  produce 
this  effect  uiiloM  the  a'lju^tnieni  of  the  two  motions — that 
around  the  earth,  and  lliat  on  her  axis — were  almost  pcifeot 
hi  tho  beginning.  If  her  axial  rotation  were  accelerated  by  so 
Unall  an  amount  as  one  revolution  in  two  or  three  years,  there 
k  every  reason  to  believe  tliat  she  would  keep  on  revolving  at 
the  new  rate,  notwithstanding  the  force  in  question.  The  case 
b  much  like  that  of  a  very  eafy-lnrnin;;  fly-wlicel,  wliicli  is 
■lightly  u'cighted  on  one  side.  If  wo  give  the  wheel  a  geiitto 
motion  in  one  direction  or  anotlior,  the  weight  will  cause  the 
Httbeel  to  turn  till  the  heavy  side  is  tho  lowest,  and  tho  wheel 
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will  then  ribrale  very  elowl  v  on  one  side  and  the  other  of  tliti 
point  But  if  wc  giw  tlic  wttoci  a  motion  rapid  vnoug)t  to 
carry  its  Iieavy  side  over  the  liigbesi  point,  tJien  the  weight 
will  Bcccluratc  tlio  wheel  while  it  is  falling  afi  much  as  it  will 
retard  it  while  rising;  and  if  tliore  were  no  friction,  the  wheel 
wonld  keep  on  taming  indeHnilely.  The  qneetion  now  ari»ea, 
llow  does  it  liap|)cn  that  these  two  motions  an!  so  vxactJv  ad- 
jturod  to  cadi  ottior  tluit  not  only  i«  the  longer  axis  of  tba 
moon  pointed  exactly  towards  tlte  earth,  but  not  the  alightcu 
swing  on  one  side  or  the  other  can  bo  detected  i  Tlmt  ihia 
adjustment  should  be  a  meiv  matlcr  of  chanee,  without  any 
physical  cause  to  produce  it,  is  almost  infinitely  improbable, 
whilo  to  Eiipposo  it  to  ro«uIt  from  the  mere  arbilmr)'  will  of 
tlic  Creator  i»  contrary  (o  nil  siaonlifie  pltiIo«opliy.  But  if  th« 
niooti  were  once  in  a  partially  fluid  state,  and  rotated  on  tier 
axis  in  a  period  diffci-ent  from  her  present  one,  then  the  enor- 
mous tides  produced  by  tlio  atti-actioti  of  the  earth,  combined 
with  the  eciiirifuiTitl  force,  would  l>e  noconipiinicd  by  a  fric- 
tion whi<-h  would  gradually  retnrd  the  rate  of  rotation,  until 
it  vras  reduced  to  tlio  iK>int  of  exact  coincidence  with  tlte  rale 
of  revolution  round  the  iiirlli,  a«  wo  now  find  it.  We  tliere- 
fore  sec  in  the  present  state  of  things  a  rcrUin  amount  of 
probable  evidence  that  the  moou  was  once  in  a  state  of  ^wiw, 
tial  Ihiidity. 

The  force  we  have  just  deticrilwd  a«  drawing  the  protnl 
ant  portion  of  tho  moon  towards  the  earth  is  so  exee«t%'viy^ 
miuutc  that  it  takes  it  a  long  time  to  produce  any  sensible  cf- 
feet;  consequently,  nlthongh  the  moon  niove>>  more  rapidly  ia 
some  points  of  her  orbit  than  in  otliers,  the  force  in  qneiitioa 
produces  no  corresponding  change  in  the  moon's  rotation. 
Tlie  protuberance  does  not,  therefore,  always  |Kiint  exactly  at 
the  earth,  but  sometimes  a  little  ono  side,  and  sometimes  a  lit- 
tle tho  other,  according  as  the  moon  is  oliead  of  or  behind  Iter 
mean  place  in  tho  orbit.  Tho  reault  is,  tliat  the  face  which 
the  moon  presents  to  us  is  not  always  exactly  the  same,  there 
being  a  slight  appanni  (not  real)  oscillation,  due  to  the  real 
inequality  in  her  orbital  motion.    This  apparent  swaying  ia 
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oMtd  Ubration,  aiul  in  consequence  of  it  tlicr©  tii  Deni'Iy  six- 

•  tentlis  of  tlie  lunar  tiirfaco  wliicli  may,  at  one  time  or  another, 
coiiio  into  view  from  the  cnrtlt 

Tlif  Lunar  Day. — In  conseqiience  of  tlio  ]>ccnliiiritv  in  the 

■  moou'i  rotutioti  wliicli  w«  liatu  described,  the  lunar  day  is  29i 
times  as  long  as  tlic  terre«triiil  d»y.  Near  the  nioonV  cqimtor 
tlie  enn  eliinee  wilbout  intermission  nearly  Hfteen  of  oiir  dnyit, 
and  1*6  alMCtit  fur  tliu  taiiiv  lcnj;;th  of  time.  In  con6e(|iieuee, 
tlic  rici«*itnd«t  of  tcmiieratnre  to  whieli  the  siirfiieo  ih  ex^XMod 
mnst  be  rery  great.  Dnring  the  long  lunar  night  tlie  ten)j>er- 
ature  of  a  body  on  Iliu  moon's  eiirfucc  would  probably  fall 
below  any  defp«e  of  cold  that  we  ever  experience  on  the  enith, 
while  clriring  tlte  day  it  must  become  hotter  than  anywhere 

_^W)  our  globe. 

f  Astronomical  plienoincna,  to  an  obserrer  on  tlie  nioou,  woidd 
exhibit  eome  pociiliantiet;>.  The  earth  would  bo  an  immeiiie 
moon,  going  throiit;h  the  e&iite  pliasoe  thnt  the  muon  docs  to 
lu;  but  instead  of  rising  and  setting,  it  would  only  oecillaco 
back  and  forth  through  a  few  degrees.  On  the  other  side  of 
the  moon  it  would  never  be  won  at  all.  Tlie  diurnal  motion 
of  the  Stan  would  take  place  in  twenty-seven  of  our  da^~9, 
innoh  as  they  do  hero  every  day,  while,  as  we  have  said,  the 

^cuii  wonld  n«c  and  «ct  in  39}  of  otir  days. 

0  Otoijraphij  of  the.  Moon.  —  Witli  the  naked  eyo  it  is  ({iiito 
readily  K;en  thai  the  brilliancy  of  Iho  moon  is  far  from  uni- 
form, her  disk  being  variegated  with  in-egiilar  dark  patches, 
vhioh  have  been  gii)>po£ed  to  bear  a  nule  resemblance  to  a 
Iiuman  face.  It  i«  siLid  to  ha^'C  been  a  fancy  of  some  of  tho 
ancient  pliilosopheK  that  the  light  and  dark  portions  were 
eaoted  by  the  rejection  of  tho  seas  and  continents  of  the  Icr- 
restrial  globe,  tliough  it  is  hard  to  couccivu  of  such  an  opin- 
loo  being  seriousiy  entertoinetl.  The  first  rude  idea  of  tho 
real  nature  of  tlie  lunar  snr&ee  was  gained  by  Galileo  with 
his  teloseopo.  lie  «nw  that  tho  brighter  portions  of  the  disk 
wcro  broken  np  with  ineqiiBlitic*  of  the  nature  of  mountains 
and  ciBters,  while  the  dark  paite  were,  for  the  most  part, 
smooth  and  unifonn.     Here  he  saw  a  striking  reaemblance  to 
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Uie  ^ogrnplucnl  fentiires  of  our  glube,  niii]  U  Mtd  to  hftve  i 
gested  tliat  the  brighter  and  rougher  portions  might  bo  ooDt 
ncnte,  Aiid  tlic  diirk,  smooth  ]>ortions  occsn».  Tlii»  view  of  tha 
reumblunoe  to  tcrreetrial  Kenery  U  coinineiiiorUed  in  Mil* 
ton's  description  of  Satan's  sliield : 

"  L1k«  die  mooo,  wbow  orb 
Thropgh  opiie  ifiat  the  Tuaoin  artiit  ncirt 
At  eranwK,  from  (h«  top  of  FgkiM. 
Or  In  Valdnmi*,  to  dwcrv  nov  Inmlt. 
Rken,  or  moiiniaini  in  her  ■poiii-  gtobe." 

The  opinion  that  the  dark  portions  of  the  Innar  disk 
Mas  was  shared  hy  Koplcr,  Uovoliits,  and  Ricciolns.  The  liut 
two  tnode  maps  of  the  moon  in  which  they  gave  Dames  to  the 
iiiip])o<sed  eeafl,  which  names  Ilie  regions  still  hear,  thongh  tiioy 
Are  strikingly  fancifn).  Among  them  are  Ocmnui  Pnxdta- 
riiiH  (the  Ocean  of  Storm»),  Aftm  TranquUlilatit  (Sea  of  Trau- 
"piillily),  Mare  hnhrimn  (liaitiy  Sea),  eta  Tlic  names  of  great 
philosophers  and  astronomers  were  given  to  prominent  fc«t> 
urvt,  cratore,  etc. 

If  this  n>«emblftnce  between  the  earth  and  moon  had  boeo 
established;  if  it  had  l)een  found  tliat  onr  satellite  really  had 
seas  and  atmosphere,  and  was  tilted  for  the  support  of  or- 
ganic life;  still  more,  if  any  evidence  of  the  cxiBtcncA  of  il 
telligent  beinga  Iiad  been  fonnd,  onr  interest  in  lunar 
ptiy  wonld  have  lieen  immensely  heightened.  But  the  more 
the  telescope  was  impi-ovod,  the  more  clearly  it  was  toon 
there  was  no  similarity  t>etween  Uinar  and  terrestrial  Kcnwyj^ 
A  very  slight  increase  of  telescopic  power  showed  that  ther 
wa«  no  more  real  emootlme^  in  the  regions  of  the  su[ 
seas  ttum  eUewhei'e.  The  incqnalitiee  were  smaller  and  hi 
ei  to  see  on  account  of  tlie  darkness  of  color ;  but  tliat  waa 
All.  The  ann  would  have  been  brilliantly  imaged  back  from 
the  eiirfaces  of  tlio  oceans  in  ceitain  posilion»  of  the  moon; 
hnt  notliing  of  the  kind  was  ever  seen.  The  polariacope 
■liowbd  that  tJio  sun's  ray«  did  not  paw  through  any  liquid  at 
the  moon's  surface.  I*osili^'e  evidence  of  an  atmosphere  wna 
sought  in  vain.    Supposed  volcanoes  were  traced  to  bright 


fiB-W— n*«  otmoon  DMr  thi  lliird  cjnnrtat.     Krnm  a  pboloinpb  hf  Itirf^HOr  Dteirt 

tlnptt. 

Hut  earlier  nstmnomore  all  fudit)  nway,  k-aving  our  satellite  as 
lifelew  fls  an  arid  rock. 

As  llie  moou  ia  now  seen  and  inap)ied,  tlic>  differotice  lie- 
twccii  the  li^Iit  and  dnik  |>ortiuns  is  doc  inorcly  to  a  differ- 
enoe  iii  the  vulur  of  llie  iniitericU,  iniioli  of  whiuh  ^em»  to  bo 
P  ?2 
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darker  tlmn  tlic  nverage  of  terrestrial  objeete.  Th«  mountai 
con»i$t,  for  the  most  |«n,  of  round  saacep«lia))ed  eleratioiM, 
Oie  iiilerior  being  flat,  witli  small  conic*]  monnds  rising  Iwiv 
aihI  tlivrt'.  Suinctinics  tlicru  i«  x  tingle  mouiiij  in  tho  txtitra 
It  is  very  curious  that  the  figures  of  these  incqualitin  in  tl: 
lunar  snrface  i-aii  be  closely  imitated  hy  throwing  pebb 
U|«>N  rhe  «nrfH«c  of  tome  smooth  jitastic  maw,  as  mud 
□lortar.  Ther  maj*  lie  «'el1  seeu  daring  an  eclipse  of  llie  SDti^ 
wheu  the  cODlnut  twtween  tlia  smoothncte  of  ()i«  sun's  lini 
an<l  the  ronghusH  of  that  of  llie  moon  c-annut  eKcs|w  notic 
Tlieir  apjiearance  is  most  striking  nlien  the  eclipse  is  anDulafj 
or  total.  In  the  latter  case,  a«  tlie  latt  streak  of  siintigbt  i: 
diHip|)car!ng,  it  is  broken  u|>  into  a  number  of  jKiintus  wliie 
have  been  known  as  "Daily's  beads"  from  the  obwiver  win 
6rst  dceeribed  them,  and  wliieli  aro  eauscd  by  tlio  eon  Ehinii: 
tbmiigli  the  doprcMions  between  tlie  Iimar  nioinilainji. 

To  give  the  reader  an  idea  wluit  the  fornintioti  of  lUo  loiiar^ 
snrfaoc  is,  we  preaent  a  view  i>f  the  spot  or  crater  "Copei'- 
nictifi,"  hv  Seeclii,  taken  from  tlio  *'  Mciuoin  of  tlio  Royal  As- 
tronomical Society,"  vol.  xxxii.  Ttte  diameter  of  the  ccntial 
portion,  eo  muob  like  a  fort,  u,  ahunt  45  or  50  iniled. 

Among  ttte  most  etirious  and  inexplicable  fcstnres  of  tl 
moon's  enrfaoo  aro  the  long  narron'  streaks  of  wliito  iiiatorial 
which  radiate  from  certain  points,  espeeially  from  the  great 
crater  Tycho.  Some  of  these  can  1)C  traced  more  tluui 
thousand  miles.  Tlio  only  uur  in  whiult  ihetr  fortnatioii  li 
been  accounted  for  is  by  siippueing  tliat  in  some  former 
ininien»«  fissures  wore  formed  in  the  lunar  surface  which  weni 
subsequently  filled  by  an  eruption  of  this  white  matter  wliicb 
forms  the  streaks. 

Ha9  the  Moon  an  ACmof/Jienf — Tins  que8ti<m  may  l>o  an- 
swered by  saying  that  no  evidence  of  a  imiar  atmosphere 
entilli^l  to  any  weight  has  ever  been  gathered,  and  tliat  if 
there  it  «neh  an  ntnioephere,  it  is  certainly  not  rirr  p*rt  the 
dettsity  of  the  earth's  atmosphere.  The  must  delicate  known 
lest  of  an  aUnoephcre  is  afforded  by  tho  beliavior  of  a  star 
wlien  in  api«rent  contact  with  the  limb  of  the  moou.     In  tliis 


poMttoit  the  mvft  of  light  coinin,!;  fivim  tlie  star  woiiM  \iass 
llirongli  the  hinnr  stniotiphere,  nini  lje  refracted  by  twice  ihe 
liorizoiitid  rufraction  of  that  alinosphoix'.  Th«  stui-  would 
tlieii  Iw  a|>)i«raiitl}-  Uii'owii  out  of  it*  tni«  position  in  tlie  di- 
rection fiv>Di  the  monii's  ceiitiv  hy  the  aiiiuiiiit  of  this  double 
rcfrnctioii.  But  obiri'ivalidUfi  of  stars  in  tlii«  (tositioti,  nt  the 
moment  when  the  limb  of  ihu  nioou  jinAtcs  over  thcin,  Imve 
ncicr  indicate*!  tlio  <tiglttest  diHpbioemetit.  It  is  ccilain  that, 
had  the  displaconiDnt  been  ilc4;idedly  in  vsccm  of  buU  n  mm- 
Olid,  it  wonid  Imi-c  \)(Kn  detected^  therefore,  the  donbic  huri- 
tiiiilnl  i-vfniction  of  the  hinar  atmosphei'e,  if  any  exiat,  must 
be  as  small  »b  half  a  Beconil.*  The  correspond ing  refraution 
of  the  eauJiV  atmosphoru  is  4000  seconds.     Therefore,  the  rt>- 

I  *  A  riniiar  t«l  i*  alToriJer]  l>y  iha  (ici'iiliniiixi  vf  n  (ilanni,  Mjwclnll/  8niuni  ot 
V*Mn>  ihtt  limb  of  wlikli  uuuM  lip  a  IimIo  llniiaiieil  lu  li  luucltcd  ilio  muon.  1'ho 
vriMr  tcMkad  very  r»twfolly  fiir  iliit  n[ipeaniiir»  .Itirliiji  nii  iiniiiiuillj  fnvoroWo  oc> 
Uilialkoi  or^tuni  iihldi  oi-curraJ  on  Aug.  Oili,  ISid,  iiiiliuut  loclng  ■  inux  of  ik 
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fnotiTe  pover  of  the  liitiai'  fttinosphvio  (.'aniiot  ho  much  in  ex- 
ceK  of  nhrv  ^"'t  <^f  l'>*^  eiii'ltiV,  and  ccrltiiiilj'  fulU  Mow  -svw- 

Witlioiit  au  aliiioepliero  no  watci-  w  otiicr  rolalile  Huid  uaii 
exist  OD  tliv  iiition,  IjUcmifiC  it  would  gnuliiiillv  «vai>orato  atiil 
form  All  ntmosjJicre  of  il«  own  vnpor.  Tito  cvajwration  wonlil 
not  cease  til]  tlio  preitfiiit-c  of  tlic  ^apor  bc<»iiio  equal  lo  lU 
otaEtic  force  at  tlic  invnii  tetiipcr^tnru  of  llie  iiiooti.  If  llii* 
tempera  lit  re  were  »»  low  03  the  fi-eczln^-])oiiit,  the  preesiire  of 
an  attaospbcre  of  water  vapur  would  lio  ts?  ''■*(  "^  ("■c  *^' 
iiiu»plicrc.  So  doiific  an  ciivclo|>o  c-onlil  nut  fail  of  deteutiou 
villi  our  present  iiicaii!*  of  observation. 

Tlie  qiiostioii  wliethcr  any  eliaiigc  is  Inking  plauo  on  tlio 
Btir£aoe  of  tlio  inooa  ie  one  of  intui-eat.  Ilillierto,  tliu  pro- 
ponderaiive  of  ovideiiee  lias  been  against  llio  idea  of  any 
changa  It  is  trae  that  a  fovr  yeais  aj^o  there  was  a  gival 
disiiiMion  in  the  aetrononiteal  world  about  ft  »>ippi.i«ed  elian|^ 
in  the  a«pcL't  of  the  Kpot  Linnicus  vhiel)  wiu  fonnd  iKit  tu 
pri>«ei)t  the  ninie  npitearaiice  as  on  Beer  aud  Miidler's  niAi>. 
But  careful  ecnitiiiy  eliowod  that,  owing  to  sonio  pctnliarity 
of  itii  sm-faL-o,  lhi«  »pol  varied  U*  n»jH.-i't  ncc-ui-diiig  to  tlic 
tnainier  in  whiuh  it  wa?  illumiiiftled  by  the  enn,  and  thcw 
variatiunB  npt)ear  to  be  sufficient  to  account  for  the  finp|w9ed 
diunin.'.  Til  vkhulovcr  ;a-olo<;tcHl  <;i>nvulci(>n«  llio  ukhiu  niav 
have  been  Kubjeeled  in  a^e»  piL-T,  it  weins  ns  if  ahe  had  iiow- 
ivadied  a  stale  in  wliich  no  further  cliangc  was  to  take  ]>lai^, 
nnlcHs  by  the  action  of  eonio  new  oaiise.  TIiIk  will  not  seem 
snrpi'i«ing  if  we  reflect  what  an  important  i>art  tlic  ntnio»phttre 
pla^-fi  in  lIio  changes  which  are  going  on  on  the  surface  of  rlie 
earth.  The  growth  of  foi'Cfi(»',  the  fornmtion  of  deltas,  tlio 
watihinii^away  of  mountains,  the  disintcgiation  and  blacken* 
ing  of  rocks,  nnd  tbo  decay  of  buildings,  arc  nil  duo  lo  the 
RCtioii  of  air  and  wnlcr,  the  latter  aclin^j;  in  the  fuiiTi  of  rnin. 
Changes  of  temperature  ]x>u'erfnlly  ro-eiifurce  the  notion  of 
(hcKo  cansos,  but  are  not  of  thenis<^<]  vee  suHicient  to  produce 
any  effect.  Now,  on  tlio  moon,  tlioiv  being  neither  air,  wa- 
ter, rain,  frost,  nor  organic  matter,  the  caiiscs  of  di«intogra- 
tion  and  decay  ai-c  nil  nbscnt.     A  inni-blo  building  erevtea 
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Kin  the  Nirfacc  of  tlio  moon  would  remain  ccnlnry  after 
vviitiirv  just  aa  it  uaa  left.  It  is  true  lliat  tliera  nitj^lit  be 
bodim  to  friablo  that  tliv  oxprLDsiontt  and  contractions  dne  to 

le  fpvat  dianj^  of  tfni|iorntni«  to  which  lliu  Mirfau)  (^  the 
II  is  exfioeed  would  caiiEc  tliom  to  crnmble.  Hut  whatev* 
cr  LTuinbliiig  tiiight  lliiis  be  uiiti^ud  would  Muti  bo  done  with, 
and  ilieii  no  fui-tlier  change  would  oucur. 

Lt'j/iC  and  Ileal  o/*  the  Moon. — Tliat  the  Sim  is  many  tiniM 
bri^fhtcr  ilian  tlie  moon  i«  evident  to  the  eve;  but  no  nne 
jiidginj;  l>v  the  unaided  c,ve  would  sn[>;)ose  the  di«|>itrity  tu  lie 
eo  ^kM.  uh  it  resll>'  i&  It  i»  found  by  m-tiial  trial  that  the 
ligliC  of  the  ftuu  tnnst  be  diminiftlicd  aovernl  liundrvd  tboiiMiiid 
limes  before  it  becomes  aa  faint  as  the  ftill  moon,  llie  resulta 
of  various  ex]>Griineiits  range  between  300,000  and  S00,OOO. 
ProfcMor  G.  B.  Bond,  of  Cambridge,  found  the  ratio  to  be 
470.000.  The  ino«t  rarcfiil  determination  yot  iiindc  '\*  by 
Z(>llner,  who  finds  tiie  snn  lo  frive  G19,000  times  as  mnrti 
light  as  the  full  moon.  This  result  is  i^robably  quite  near 
the  trnlh. 

The  moon  does  not  shine  by  sunlight  alone.  Whenever 
the  narrow  ciiesci'iit  of  the  new  moon  is  ecen  iln-ongb  a  clear 
alnio»[>lierc,  hvr  whole  eiirfaco  may  bo  plainly  fccn  faintly  il- 
luminated. This  a|>]>cnrnn(;e  itt  known  m  "the  ulil  itinoii  ill 
the  new  moon's  arms."  The  faint  light  thus  shed  n)<on  the 
dark  part«  of  the  moon  is  reflected  fr<^)m  llic  earth.  An  ob- 
server ou  llie  moon  would  see  the  earth  in  hi*  sky  as  a  Ini'ge 
moon,  much  laigct*  than  the  moon  is  seen  by  ns.  When  it  is 
new  moon  with  iw,  it  would  \x:fuU  airt/i,  if  we  may  1*  allowed 
the  term,  to  nit  observer  on  this  side  of  tlio  moon.  Hence, 
umler  those  circumstances,  most  of  the  Innar  liemispliere  hid- 
den by  tlio  inn  is  illnniinated  by  eartli-light,  or  by  sunlight  1*0- 
ficcled  by  the  earth,  and  u  thii«  rendered  visible.  Tliu  cjiMt 
is  the  same  as  if  an  ol>serT«r  on  tlie  moon  should  we  the  dark 
liemiephert!  of  the  earth  by  the  light  of  iho  full  moon. 

As  tlto  invoti  rcllecis  the  light  rt  tlic  sun,  eo  al#o  inn»t  she 
reilect  his  heat.  Resides,  slic  nin»t  radiate  off  whatever  heat 
tbo  absorbs  bvin  (he  sni^.     Hence,  we  must  i-eceivo  some  heal 
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from  tlifi  moon,  t)ioii»li  c-ftlciiliitioii  will  eliow  tJic  qimiitlty  t« 
be  so  «iimll  a»  In  ticfv  ilcteution  witli  the  most  deliuute  ilier 
monietcr,  tlie  avL-i-nj^  <jn&iititv  buUig  only  itifjniti  pait  ot  tii»t 
i«cvivvi]  froiii  lliv  Mill.  Af  the  tlnvt^t  mys  of  ilie  »iiii  will  nut 
raiiie  llie  bliivk-biilU  thernioiiieler  nmre  ttinn  50  or  CU  <lej;i'e«£ 
above  the  tcin)>oi-iitiii-e  of  the  air,  tbuee  of  tliu  itHjuu  i-»i)i)iit 
mue  it  ii)oi«  tliuii  ^Sia  uf  n  d«^-o.  By  vonucutrating  tlio 
rays  in  the  focus  of  n  telcscojie  of  lai-go  npertiirc  mid  ix>iii|«n 
Bt!^u1y  idiort  focal  Imijrth,  ibe  tvin^oriunra  might  bo  iiicrcuscil 
a  liiiiidred  titnc^  or  inoi-o ;  but  uv(>n  then  we  »lioiild  iMdr  tinva 
ai]  iiicrvKsc  of  TV  of  A  dc^rcu.  ICvaii  this  increase  iniglil  l>e 
uiukitainable,  for  the  ruusou  that  tlio  brat  radiated  by  tlie 
nuioii  would  not  jhus  tlirtHii;li  glass.  It  is,  Uierefuro.  only 
eiuce  llio  discovery  nf  ihertno  electricity  and  the  inventinti  of 
the  tlicrmouleotric  pile  that  tho  dotvotioii  of  th«  liMit  from 
llie  niuun  hiu  been  {loseiblv.  Tho  dcU-ciion  is  faeilitntvd  by 
using  a  reflecting  tcleacoi>c  to  voneentialo  the  Innar  my*, 
because  tho  moon  is  not  hot  eiiuiigh  to  radiate  &iiuh  heat  as 
will  [wncilralc  glass.  Loi-d  Kotisi;  and  M.  Mftrin- Davy,  uf 
Parib,  have  thus  siieccedod  in  nieaiiiinrig  the  heat  eiiiiiniiiin]{ 
from  the  moon.  The  foniier  c;on^lit  not  merely  to  detcrinine 
tho  total  amount  of  heat,  but  how  mndi  it  variod  from  one 
phase  of  tlic  moon  to  the  other,  htkI  what  portion  of  it  wa 
the  reflected  heat  of  tlio  sun,  and  whnt  portion  was  i-adialed 
by  tho  moon  herself,  as  if  she  worn  n  hot  body.  He  fonnd 
that  from  new  to  full  moon,  and  ihencr  round  to  itew  ntoon 
again,  the  quantity  of  beat  i-eceivcd  varied  in  tho  CAme  way 
with  tho  quantity  of  light;  that  is,  tlioio  was  nio«t  at  fnll- 
niu(fn,nnd  ecitrcoly  any  when  tho  moon  was  a  thin  crmueiit. 
That  oidy  a  small  pro|x>rtion  of  the  total  heat  emitted  kmb  the 
n.^l1cutGd  heat  of  the  sun,  was  shown  by  tlio  fact  that  while  86 
IH.^1'  cunt,  of  Kolar  heat  p»««cs  tin-otigh  glni>#.  xnly  IS  )>er  cent, 
of  lunar  heat  does  so.  This  absorption  by  glass  is  well  known 
to  be  a  property  of  the  heat  radiated  by  »  body  winch  is  not 
itH'lf  at  a  higli  tcniptirutni'C.  The  same  ivsnit  was  indicate*! 
in  nnolbor  way,  namely,  that  while  the  ann  is  found  by  TiAl- 
ner  to  give  618,000  times  as  nuu-li  lij;h*  as  tlio  nioo»,il  onl^ 
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■  83,600  times  u  niuuli  lieat  Tliuslmth  tlic  ratio  of  eotar 
to  IniiAr  ]iMt,ni)d  the  pivponiuti  uf  (he  Inllcr  n-Iiiuli  'a  al>- 
tort)cd  In*  glai«,  nif i^ee  in  indicatitij^  tliat  aliout  Rix-sevfuilis  uf 
the  he«t  jujoeivcj  from  tlic  tiiooii  is  ratliatcd  bv  t!ie  latter, 
on'in>;  to  tli«  teiii]>ei-»itii'e  of  liui-  eiirfauc  jinHliKvtl  liy  tliu  ub- 
tor^itioii  of  the  siiii'a  rail's. 

Ixrd  Kosfie  was  llii>6  eiiaUfd  to  oatiinate  the  (.-han^  o{ 
teinpcrntiiixi  of  Ilic  moon's  »ui-fiiue  uveoixling  a»  it  was  tiiriioil 
townnis  or  from  the  Biin,  and  found  it  to  be  more  tJiuii  St>0' 
Filireiiticit.  But  there  was  tio  unr  of  tiL'lvnniiiiii;;  the  teiii- 
|)cnitiin»  lhciii8olve»  with  exiu;tne.'>^.  Trobahly  wiicn  tlio  «iiii 
does  not  fJiine  the  teinpuiutiiro  is  two  or  three  hiindied  de- 
grees below  zero,  and  thoivforo  below  any  ever  known  on  the 
i-anh:  wliitc  ntidi-r  the  vertical  »iiii  it  ia  tA  iniidi  iiln^ve  zero, 
and  therefore  hotter  than  bulling  water. 

SlT-^.t  of  iln:  Mmn  or,  l/ir  KnA. — Wo  liaiij  already  oxplained, 
in  ircnting  of  };rai  Itulion,  how  the  altmction  of  tliu  moon 
eiiii.4c6  tides  in  the  ocean.  Tliis  is  otie  of  the  best-known  ef- 
fects of  Iniiar  ntCi'aRtioii.  It  is  known  from  tlienry  that  a  sim- 
ilar tide  l»  produced  in  the  air,  afFeuting  titc  Iivi;;hl  of  thv  ba- 
rometer; but  it  is  so  ininiito  as  to  be  entirely  masked  by  the 
changes  coTifltanlly  jjoing  on  in  the  atmoepherio  jiressnre  from 
Mhvr  cauMw.  Theit;  h  ul*o  reason  to  belicvu  that  the  uccni^ 
reiK-e  of  earthfinakee  maybe  affevted  by  the  altiantion  of  tlio 
moon;  but  this  is  a  srilijcct  which  needs  fnrthur  invpstiga* 
lion  before  wu  can  pronounce  with  certainty  on  a  law  of  coti- 
iie<Hion. 

Tlins  far  thei-e  is  no  evidence  that  the  moon  dircetly  affecta 
tlio  eartli  or  its  iuhabitnuts  in  any  oilier  way  than  bv  her  at- 
traction,  which  is  »o  mimite  as  to  be  entirely  insensible  except 
in  tJie  wars  wc  have  deseribcd.  A  striking  illusti-ation  of  the 
fallibility  uf  the  human  jndj:;nient  when  not  disciplined  by  sci- 
entific training  h  nffoi-ded  by  tiie  opininnH  which  have  at  van* 
ons  tiincft  olitaiiied  currency  respecting  a  supposed  inllneiice 
of  the  moon  on  the  weather.  Neither  in  the  reason  of  (he 
case  nor  in  observations  do  we  tind  any  real  support  for  such 
«  theoiT-    It  must,  however,  be  admitted  tliat  opinions  of  thi< 
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f!linniL't«r  are  not  eontlnotl  tn  the  iiiie<liinitnl.  Tii  n:i«iitift« 
liit'iiiliu'e  mveral  pa|ieri>  »ri?  foniid  in  %d)iL-li  lung  &en&4  t>f  nw- 
Icorolnf^ciil  obscrr&tiniis  are  col]iitc>l,wliivli  indk-ulu  tliat  tlie 
iiic-ni  lfiii)ii'rfiriin^  or  llie  titiiniuil  of  niiti  liad  been  suOjuc-l  tu 
a  sli^lit  Miriittioii  dupctii])!.^  on  t)ie  ngc  ui  the  moon.  Bui 
tliera  n-fts  no  reason  to  bi-Ucvu  tlint  tlioeo  ulinugcs  aruM  fmm 
Biiv  utliiT  cniiM^  limn  Hit-  nouidvntnl  viuwitiidM  to  wliidi  tli« 
U'ctttlier  U  at  nil  tiint's  6nbje<;t.  There  ie,  perhafts,  higher  uii- 
thniiry  fur  tbo  oifiiiiuri  ihut  the  nn  of  the  full  niuoli  vicar 
awny  dutidv;  hnt  if  we  reflect  ihiii.  tiie  cffeot  nf  tho  fim  it- 
ti'If  in  this  ]-e${iec:t  is  not  \«rv  iiotii-ealde,  and  tlmt  the  fnll 
innoii  gives  onlj-  ygOTra  *>^  tho  bent  of  tbc  eiiii,  thi«  opiiiiuo 
will  Ajipeur  vMienicly  imiti-obable. 


§  6.  T/tc  Ptauft  .\fara. 

Tlie  foMi'lh  ])Iniicl  in  the  order  of  diataiKO  from  tlio  eiin, 
and  the  iie\t  ono  oiit^idt^  the  orbit  nf  tho  earth,  u  Mara.  It« 
mean  di«lanue  fmin  die  sun  is  about  141  inilUoiia  of  lailea. 
The  eui-ci III'! city  of  its  oi'bit  is  eiich  that  at  perihelioti  it  is  oidy 
lifi  inillitiiis  of  iniii;:<  fix)iii  tbc  »iui,  uliile  in  n^ilic-Hoii  it  la  154 
miUiotia  distant.  Il  is,  next  to  Mei-cnry,  the  smallett  of  tbo 
priinary  planets,  its  diaitiflcr  being  littlo  more  than  40Ult 
mik'f.  It  makes  one  i-evohilion  in  its  orbit  in  less  than  two 
ycat*  (more  iii*Brly  in  C87  »laj"s,  or  431  <'*J"*  *hoit  of  two  .Tii- 
tiaii  years).  If  tlie  ppiiod  weic  exactly  two  yeni-s.  it  wonld 
make  one  rcvobilion  while  the  earth  made  two,  and  tbc  oypo- 
ailions  u-oiild  occur  at  intervals  of  two  ycar«.  Hiit.^ing  a 
little  fester  than  lliiR,  it  takn  the  earlh,  on  the  aveiaito.  fifty 
days  over  the  two  ycare  to  eatcli  up  to  it.  Tho  times  of  o|i|>o- 
aition  are  aliown  in  tlie  fullowiiig  table: 


I6M...Jnnun>T  Hx. 
1880.  ..MsreUeiti. 


18i<«... April  lOiL 

nv>...n»Ti'nu. 


181iS...Aug»tSJ. 
1894... OilobfT  mill. 


The  times  of  Bovoral  BiibMqncnt  ojipositiona  may  bo  fonnd 
with  sufficient  exactness  for  ihc  idci it iti cation  of  the  planet  by 
adding  two  yeare  and  two  months  for  every  opposition,  except 
during  tbo  spring  mouths,  when  only  oiio  mouth  ts  to  be 


added.  Oppositiom  will  occni-  in  Decemlier.  1996,  and  Feb- 
rukrjr,  \S90.  At  ilio  tiiii(.-e  of  oppoftitiuti  Mun  ri^M  wiiuii  tiu 
•nil  wlSiniid  itiiiy  l>o  »cvii  dtiriiift  tlic  entire  nigliU  ^ 

A^prd  (if  Marx. — Miirs  is  vnsilj"  re*.H>giii2<;d  witji  lliu  imkod 
e^ve  wlioii  noar  ita  opjtuailiou  Ity  ila  fierv-red  light.  It  ia  itiudl 
lliurc  iirilliuiit  ut  eoiiiv  (>|>|HisitiuiiH  llmii  tit  ntlH'rs,  but  alwari 
exceeds  mi  i>i<diimrv  »|jir  of  llii;  tlivt  iiM;:iiit)Klu.  The  varitv 
tJouB  of  its  biilliaiiry  arise  fmiii  tliu  cui^iilricity  of  il«  orbit, 
and  the  ooiiMiqnoiit  vanKtiuii*  of  it;«  distaiitw  fmiu  tbc  eailli 
and  tlio  »uii.  The  |terihcti<>n  of  Mhi-«  t«  in  iIh;  i<aiiio  luii^Iiid< 
in  which  tliv  carlli  is  on  Aiij;iii>t  27lli;  nnd  when  an  o|tpo«ittoll 
oixiira  ukat  ttiut  dute,  thu  )>latiot  is  unir  Zh  inilliuns  of  niilet 
from  (hv  iiirlh.  This  i«  about  the  i-l4>M.')il  n]>)>iv>iu-h  which  tin 
two  idnnute  can  ever  make.  \\'lvcii  an  o|>]M»iltoii  iM!i;nra  ttl 
FcbnMuy  or  Maivh  tlio  plutict  is  war  its  aplvclion — 154  mill' 
iutu  of  miles  from  the  ftiin  and  fVi  millions  from  thv  cailli 
Tl»e  result  of  these  variations  of  distance  ia  that  Mai«  ia  mort 
lliaii  four  timut  brighter  wht-n  an  opfioeition  oconrs  in  Angiisl 
or  September  thaii  when  it  <>a:iii«  in  I'Vbnmn'  or  Maivh.  Th< 
op)>o*ition  of  15(7  (Seplvtnher  6lli)  wan  iinilv  ruinurkublu  ii 
this  re$]>ect,  ae  it  oucura-d  only  9  duys  after  the  planet  paseec 
its  periiielion.  The  n»tr  iipproneh  to  the  earth  nt  ilii#  time  ii 
tetidurcd  metnorable  hy  the  diseovery  of  (wo  satellites. 

j^[a^s  lias  been  an  interesting  objcet  of  tolMoopie  rcecarcl 
from  the  fact  that  it  ia  the  planet  which  exhibits  the  I'rcatos 
analog'  with  onr  cnith.  The  equatorial  re};iona,cvvn  with  i 
ipitnill  telotcoite,  ean  be  diatinelly  seen  to  be  divided  into  ligh 
and  dark  (Miriione,  which  »>nie  oliMTveiv  suppose  to  be  coiiti 
licuts  and  o(x-bus.  Around  caeli  pole  i^  a  revolt  of  brilliaa 
white,  wbivli  tlie  aame  elara  of  af.tronomei-s  suppose  to  Iw  doi 
to  a  depwit  uf  snow.  The  ontlines  of  the  dark  and  light  \mt 
tions  are  somvtimes  t>o  liurd  to  trace  ae  to  give  ri»c  to  the  ana 
picion  of  ctonde  in  a  Mnrlial  atmoapliere.  At  the  same  time 
a  single  look  at  Mars  ilirotigh  a  lar;:^  rdGseopc  would  convina 
most  observers  tliat  thoie  R«cnihlitnoe»  to  onr  earth  have  t 
\tsTy  small  foundation  in  observation,  the  evidence  being  neg 
•tive  rather  than  positive.     It  mnat  be  »iid  in  their  favor  iha 
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if  our  earti)  wera  viewed  at  tlio  distHiiC!  Kt  which  we  vtc 
Mnm,  Biid  witli  the  euinc  upticnl  (louer,  it  wwtlii  present  a 
diiuilnr  tvlvsuopic  afi|>C(:t.     But  it  is  also  poeeible  tlint  if  the 

oi>tiiail  power  of  our  tele- 
K.-opu»  yfcre  M  iiicrooHKl 
Ihnt  wo  coulJ  see  Mars  u 
fi'uin  a  disInni-'Q  of  a  thou- 
^a,\A  iiiilcs.thc  iv»ciiib)i(i)vei 
Wdiild  nil  vanish  aa  ooiii- 
|iluti.-lv  as  thoy  did  tu  tlio 
i^^ms  of  the  moon. 

Su  itiiiiiy  drawings  of 
Mhi«  in  varioiie  po§tlioits 
liiivo  bL-cn  nindo  bv  iIh!  nn- 
inei'ous  ol^ervera  wlio  hat  d 
studied  it,  that  it  lias  bo- 

lio.iri»ftmlnuip.,n.f*t-Vlr"r,--..rlI  iMi-n     COntO    pOUlbIC    tO    COIttlnivt 

Willi  ii»irMcw«hinKi»i.ui«c.ro.  loleiiibljT  uccniiite  m»i»  of 

the  Pin-fnce  nf  ;ho  itlniit-t.  \Vc  gi>e  a  co|\v  of  one  of  ihese 
cet«  itf  maiw  bv  Kuim-r,  iho  Into  lAtj'den  aGlronoitifr.  Kniser 
does  tioL  pretend  to  call  the  difTei-ent  n^ons  Mnitinenls  and 
uueaiis,  but  merely  dcEigitates  them  as  light  and  dark  jxirtioits. 


■■■■^^■■■■■■■■hM— _••■■■■■•■■■«■■■«■■  ■■■■■■■ 


Rotation  of  Mar^ — IfRi-B  in  the  onlj  planet  besides  the  citrt)t 
of  which  u'e  can  be  eiire  that  the  time  of  axial  i-olation  ad- 
mits  of  being  dotcrmiucd  with  cntiru  procision.  Drawings  hy 
Hooko,  two  ceotin-ies  a.a>\  exhibit  markings  which  can  Itill  bo 
recogiriKcd,  and  from  a  eoinpariBon  of  Ihcm  with  recent  one* 
Mr.  Troetor  has  found  fur  the  i>criod  of  rotation  24  lioun  37 
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mitintcs  93.73  Mooiid*,  wliich  tic  fomidoi-*  cori-ecl  within  tliree 
ur  fdiir  1)11  ml  red  tl  19  nf  a  j«<.-oiid.  Tlie  eqiintui-  of  Mai«  ia  !ii- 
i-liiiLfl  to  the  pUiiO  '>f  itf  ui-bit  about  3T%fiu  tlwt  dio  vicis^itudiM 
of  llic  8ni**>ns  iiri?  ^>jN;tir  ou  Muis  timii  yii  llio  enrtli  in  tlie  j)rr> 
portion  of  27^  lo  ^aj*.  Owing  ro  this  great  oblUiiiity,  wo  c-aii 
Bon^etiines  ecu  one  {>olc  of  the  {)lnucl,nndBoiii4rtititos  t)i«  otlier, 
fruin  tlic  vnrtli.    Wlivn  in  longitiidu  350°,  that !»,  in  lite  &aine 
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direction  from  the  sun  in  which  the  cnrili  isoitnaled  on  Se]>' 
ternlter  lUih,  the  »)[irli  [lole  of  the  plnnef  is  iDolinoil  towards 
the  siin ;  and  if  the  t>lniict  i«  tlien  iti  u]>|ii>sili(Hi,  it  will  )«  in- 
vliiied  tovrards  the  <>arl)i  aUo,t)o  that  we  eaii  see  tho  region  of 
tlie  planet  to  a  dislanc-e  of  '^i'"  hevond  the  |>oIc.  At  mi  op- 
potitioii  in  Mnndi  the  iiortli  iH>le  of  the  planet  is  iiietined  ton-, 
ai^  t)ie  sun,  and  tow-ard^  the  eai-th  aUo.  We  have  jn»t  seen 
tltat  SIsK  is  nitidi  farther  at  the  latter  op[)oeitiom  thnti  nt  tho 
former, fo  itini  we  can  ^t  initeli  heiier  \ iewa  of  ilic  eoulh  pcle 
of  tliB  planet  than  of  tlie  uoitli  pole. 

Satfllltfii  of  Mars. — On  the  nij^ht  of  Ani^ist  11th,  1S77, 
Professor  Ahii'Ii  IlatI,  while  lierntiuizitijf  tho  neighhorliood  of 
Stars  with  the  i^ii-at  eipiiiloriHl  of  the  Wachin^ton  Obeervato- 
T^.  found  a  Biiikll  ohjeet  fthfoil  SO  »eeotid:i  eiwt  of  the  planet. 
Cloud;  weather  prevented  fnrtlier  ubBervatton  at  that  lime; 
btit  on  tho  night  of  tho  16tli  it  was  again  fonnd.  and  two 
lioun'  oUervntion  showed  that  it  followed  tho  planet  in  iu 
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oHiibil  motion.     Still,  feni-ing  tliat  it  might  U>  ii  etitnll  (>1i;iiet 
wliicli   clia>ii-vd   to  bo   in   tliu   ncigliboi'In'ud,  l'ixif<.-Hui-  Hull 
wnilcd  fur  niiuilici'  oliiei'\'atioii  before  niiiioiiiiciiig  liift  dbuov- 
L-ry.    A  rough  (.alcnliition  from  Uio  oltsoneJ  c1oii(;nliuii  of  the , 
uttollilc  Rtid  lliu  known  niiws  of  Mri«  fliuwcd  tlinl  tliu  jiL-riod' 
of  rttvuliilioii  would  probublv  lie  not  fur  from  29  lioiint.  and 
Uial,  if  Ilio  object  were  a  tatfllitc.  it  would  be  bidden  dm-ingl 
ino»t  of  tlic  following  ■■';;!■',  but  wnild  rui|i|i('nr  iieitr  ite  or!;^f 
iniil  iioAition  towards  nuiniiiig.     This  prcdtcliun  ^\ii9  exnutly 
fiiltillcd,  tlio  Hitdlito  cniLT:;ing  fruni  tlio  plunet  about  four 
ii'uWk  uu  tlie  tnorning  of  Angiint  IStli. 

Ibit  lliid  v«a  uut  a)].     Tlie  i-ea]>})eamnce  of  the  »alc11ile  was] 
followed  by  tlic  »p|icarunc-c  of  utiuthcr  object,  nmdi  i-loeor  to] 
tbe  planet,  wliidi  pmicd  tu  be  it  tci;i>nd  and  iinicr  satellite.* 
TIiu  reality  nf  botli  objects  woa  nbiindnullr  uontirnied  hy  obtci^ 
valioiia  oil  tbu  follo\ritig  tiigliT»,  not  only  at  Wftebin^ton,  but  at 
tbe  C'linibridiTO  Obscrviitorv,  bv  I'l ufoetioi-  i'lckcrin"  and  lii«  m- 
«i:^tmit«,a)id  nt  Ciiiiibrid<^)>i>rt,by  Mohsi's.  Alvaii  Clark  &  Sou*. 

The  inoi^t  extrnoi'diniiry  feature  of  the  two  ^ntcllllcs  is  ibe 
proximity  of  the  inner  one  to  ibo  planet,  iitul  the  i-apidlly  of 
its  rovohition.  I1ic*  shoi-tcBt  jteriod  liitherlo  known  tit  tlioi  of 
tho  inner  MtcUile  of  ^itltllrn — '22  hours  31  iiiinnieft.  Itut  tJts 
innor  satellite  of  M«rs  goes  roinid  in  7  hours  3S  ininnlL'«.  Its . 
distance  from  tlio  centra  of  the  plnnot  i»  iiboul  GfJOO  nitlc 
and  fix>m  the  itiirfHoe  Urss  ihnn  4000.  If  thei?  aro  any 
tronoiners  ou  Mui-s  with  teteseojies  and  eyes  like  oui*,  tbcj 
can  readily  lind  out  whether  th!»  Mtellitv  i«  inhabited,  tbu  dia 
Ihiicio  beiu!;  le»  thnn  one-.^ixtieth  llinl  of  the  moon  from  ne. 

That  kind  nf  near  appi-oadi  to  simjile  relnlion^bipe  bctwcoi 
the  limes  of  rovohition  is  found  hwe  wliioh  wc  sec  in  tli« 
ellitCK  of  Jupiter  and  Suiin-ii.  Tlic  imier  satellite  of  Mnr«  re- 
volves in  ven-  nearly  oue-fonrlh  the  period  of  the  outer  oii<^ 
iheec  times  bvinpTi  h™.  «n«. 

ouwr  Miiptlito —  ao    18 

()i)e-ruurtli  iliiH  period » r. T    M| 

IVioJ  i>f  inner  pntcllll* «•.». ■ T    90 

Those  SHtcUitM  ituiy  aU>  he  put  down  as  by  far  tlio  smalteit 


TBB  SMALL  PLANETS. 


331 


IiMvciilv  bodies  jet  ktiotvn.  It  is  IiKiiJIy  {lostiblc  to  make 
Hnjrtliiiig  liku  a  iiimiei'ical  Ktinmte  uf  ttmir  (Uninetcrii,  liecuiiK 
tbey  am  »ccii  in  llto  telesoo[)0  only  ns  fuitit  poiiirs  of  liglit; 
sn<),  liftviiig  no  eeiisible  surface,  no  siit;It  tliiii<;  ns  n  iriciisiiiu 
of  iho  diameter  is  poBsibk*.  Tlio  only  datum  on  wliicli  oit 
estimate  tan  be  fuiindcd  »  tliu  aittoiiiit  of  light  wliidi  Dioy 
give.  Thu  writer  jiuigeil  llm  iiiHirDitiidt!  of  die  oiitor  oiio  tu 
bo  Ijctweeu  the  elevciitli  and  twelfth.  According  to  the  i«ti- 
mate  of  Znlhu-r,  Mara  ilwlf,  ot  tliis  oppoeition,  U  three  ningiil- 
ttKles  briglitiT  tliim  II  fii-?l-ni»'nii[(ide  star.  The  diffcrfiu-a  of 
brilliancy  between  Maiij  and  tlio  onter  eatellitc  i&,  therefore, 
repreeentcd  by  thirteen  or  fourteen  oixlcra  of  inn^iitiide. 
From  tltis,  it.  wonh)  follow  that  l\fiii-«  }rivefl  from  200,000  i<i 
500,000  tiines  as  nniuh  light  as  the  satellite :  and  if  botli  nrc  i*f 
tl»  fame  hijlit-i'tllceting  |>owcr,  the  diKnictcr  of  the  satvllim 
TCoiiUI  l>e  from  6  to  10  miles.  It  may  be  ii»  amnll  m  5  milM, 
or  as  great  ae  ^,  but  ia  not  Ukely  to  lie  far  without  tlieee 
litniu.  The  inner  eiitellilc  is  mucit  brigiilor  Ihun  the  outer 
ODe,aiiJ  il>  diameter  probably  liea  between  lu  and  40  mile*. 


Fn.  ■■.— Ap9«rgiil  orlilli  uftlia  fulfil  I  m  it  Mnn  In  is;;,  ni  nWrircd  niiLl  liiM  duwii  kj 

l-„.(r~<  ll„ll 

g  7.  The  SioafJ  PUinets. 

It  was  impoMiMe  to  study  the  Rolnr  syMem.iu  it  v:a»  known 
to  tnodem  ii*trunomy  before  the  begimiing  of  tiie  pi'oeont  icn- 
tury,  u-itliont  being  elrtick  by  the  great  gap  uhich  existed  lic- 
twpcn  Mare  and  Jiipirer.  Except  Ihitt  gaj),  all  the  planets  thett 
known  snececdcd  each  other  aecording  to  a  tolornbly  rognhir 
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ta\T,  and  by  inter^iolnLmg  a  single  plnnet  at  nrarlr  donble  ttiQ 
dUlaiicc  u(  Mai^  tlio  ordur  uf  disiaiiucs  woulil  be  complete. 
Tlic  idva  Uiai  »ii  uiikiiowti  |dRit«i  inigbt  rea}\y  exist  in  tliia 
rej^ioii  \vttA  eitlcrtaiiiud  fruiii  tbc  tniio  of  Kepler.  So  sure 
were  euino  astruuotiiura  uf  tUi«  lliat,  in  li^OO,  au  aseociation  of 
tn'ciit,vfiiiu-  observers  wiu  foniied,  baviiig  for  ita  object  a  s}-»- 
-fitatiu  warch  for  the  ]i1aitut.  Tim  xodiac  wob  divided  into 
tweiity-fuur  parte,  one  of  wliich  was  to  bo  ecardicd  tlirongb 
by  eauli  observe)'.  JUnt  br  one  of  tliose  curious  coiiioidetiocf 
wbidi  Iiftvo  eo  fi-equeurly  oocnrred  in  ibe  bielory  of  euicnve, 
tbv  planut  was  accidcTitulIy  disuovuivd  by  an  outeldc  nfitrono- 
mer  before  tbe  lociety  uonid  get  fairly  to  work.  On  Jnuiiary 
Ut,  1801,  Piauii,  of  Psleriiio,  found  a  star  in  tbe  con^tellulion 
Tanriis  wliiub  did  nut  belong  there,  and  on  observing  it  (lie 
iiiglit  after,  he  fonnd  tbiit  it  had  cimngcd  its  ))ositioii  amotig 
tbe  siirroiniding  Mai's,  and  niu^l,  ibei-efore,  l>e  a  planet,  lie 
followed  it  for  a  period  of  abont  six  weeks,  after  wliieli  it  tvaa 
Wt  in  the  rays  of  tbc  sun  without  any  one  else  seeing  it. 
When  it  wa«  time  to  eniergn  again  in  the  following  antnmn, 
iln  rcdiscoven,*  became  a  ditliuult  problem.  But  the  skill  of  tlio 
gi'Cat  mathDmntteian  Ganss  came  to  the  roseue  with  a  melltod 
by  wbieh  the  oriiit  of  iiny  plaiietarj'  body  eonld  bo  euiiiplvlo-i 
ly  and  easily  deteniiined  fioni  tbi'L>c  or  fonr  nb^rvaliona.  lie' 
una  Ihns  able  to  toll  obeorvors  whore  tlicir  tcleeeopM  initst  be 
jHiitiled  In  rediscover  tbe  planet,  and  it  was  found  williuut  dif-i 
liciilty  before  the  end  of  tbe  year.  Piaz»  gave  it  tlie  iiuniej 
Cera,  The  orbit  fointd  by  Ganse  ehuwed  it  to  rvvolve  between  I 
Mara  and  .Inpiler  at  ii  little  ]ck»  than  double  the  distiiiice  of] 
tlio  former,  and  tlici'ofore  to  be  tlic  long-thought-of  )>lanet. 
But  the  discovery  bad  a  «e<]uel  wliicb  no  odo  anticipated,  and 
of  whidi  we  have  not  yet  seen  the  end.  In  Mnreh,  1.S02.  ()1- 
bers  dieeoveivd  a  Bccoiid  planet,  which  was  also  found  to  be 
revolving  between  Mars  and  Jupiter,  and  to  which  lie  gave 
the  name  PiiU'in.  The  moAt  extraoi-dinary  feature  of  its  orbit 
xvaa  its  gicat  inclination,  whiub  exceeded  34^  OIIkji's  ibei-e- 
npon  enggcetcd  his  celebrated  hypothesis  that  the  two  Ijodiei 
might  be  fragments  of  u  single  planet  which  had  been  nhM- 
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Bred  by  Home  «xplA>ion.     If  envh  were  tlic  vano,  (IiG  orliiN  ■<( 

FbU  llio  fmjfiiicntfi  would  at  6i*t  iHtvrtevt  uauh  otiici-  »t  ilia 

point  u'licrv  titu  vxplution  occitrivd.     Ho  tlici'cforo  tliongbt  it 

likely  ttiat  other  frit^tn4*iil»  would  1>e  foinu),  esix-rtMlly  if  a 

eeai'L'li  wero  kept  ii[>  iiwir  titu  jioiiit  of  iiitLn%e4:lioii  of  tlie  orliits 

l>f  Ceres  and  I'nlliu.     Acting  on  tliis  idon.  Harding,  of  IJIicii- 

fotind  A  third  planet  in   1$04,  while   (>lbei«  found   a 

one  ill  IS07.     TIil-**)  wtrB  udlud  Jimo  and  Vf-fla.     The 

foriiici-  caint)  qnito  iii-sr  to  Olbcit's  theory  tliat  die  orhiU 

Jiould  nil  pasts  tioir  the  Minic  point,  hut  the  latter  did  not. 

lOlbers  vontinuvd  a  seaa-li  for  additional  plauois  of  lliia  |;roirp 

>r  a  nuintM;r  of  years,  but  at  Icnglli  gave  it  ap,  and   diod 

rithout  tlie  knowledge  of  any  hut  these  four. 

In  Deoeinlwr,  1S45,  tliirty-eiylit  yeaiia  after  tlio  discovery  of 

Vesta.  Hoitckv.  of  Drii.itcii,  hoiiig  cnga^d  in  the  preparation 

lof  Ktar-cliatt^  found  a  fifth  plaui-t  of  the  jri'oup,  and  tluit>  i-e- 

|iH(Uin]<.-uccd  a  scries  of  discoveries  which  have  vonliniied  till 

fio  pnwiit  time.    No  less  iha»  three  were  discovered  in  1847, 

and  at  least  one  lias  lieen  found  everT,-  year  siiiec.     To  show 

the  rntu  nt  which  dieeowry  has  gone  on,  we  dinde  the  time 

iinc«  1S4S  into  perit^s  of  (ivu  ycai«  each,  and  give  the  iium- 

'  bor  found  during  each  i>eriud : 


I 


T«  181.".. liwtn  illxaiTctciL 

la  lun-u a    -■ 

"   I8.-.I-M i%    '■ 

'•   Ift-X-SO BS    '•  " 

"  IMl-(M 88 


In  IBflS-TI a?  wtraili*co*erad. 

"  IRTI-M M     " 

"  18:1180 02     "  " 

'■  1B9I-8S S*     ■' 

"  I8»-00 19     " 


Tutnt  lino«n  in  I88t ....8SA 

It  will  ho  soon  that  iho  r.iie  of  discovery  increased  pretty 
Iteadily  fmin  l&M  to  ISl^O,  and  since  then  haa  fallen  off. 
How  far  this  falling  off  i«  due  to  there  being  fewer  left  to 
discover,  and  how  far  to  some  discoveient  having  ceased  to 
look  for  now  ones,  we  cannot  yet  say.  During  the  ten  years 
1868-77  nearly  half  the  discoveries  were  made  by  Potei*.  of 
Clinton,  and  Wat*on,  of  Ann  Arbor,  botli  of  whom  ai-e  now 
Joad.  Since  I87S,  Pnlisa,  of  Viennn,  and  Charlois,  of  Nice, 
have  been  the  leading  disooverera,  and  are  still  adding  to  their 
laiirolg.    Palisa  has  now  found  more  than  any  other  astronomer. 
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Aiiicricftii  diseorerice  of  tticu  bodies  warn  coininAnced  \fj 
Mr.  James  Feiyiison,  who  diEicovered  Kiiii1n(»viio  wA.  Wasliiiig- 
toll  on  Septeinlier  let,  IJSoi.  Ho  was  followed  l>y  Scnrle,wlio 
di»covorod  Pniid<ini  nt  Allitiiiy,  mid  Tutilp,  who  diauo« 
Cl^Vtin  nt  ('itinlii'iil^r>. 

All  tlie  planeta  of  this  group  aro  reinnrknble  for  their  mt- 
niiti'iiciis.  Tlic  disks  ai'<!  nil  i^i^  email  a«  tu  defy  oxu«t  iiieA»- 
iirtiiitoiit,  [>ix»biiliiig  llic  ai)|)Ciimiii:c  of  iiicro  iifn,  A  ruii^h 
aistiiiinle  of  their  diameters  am,  however,  be  made  from  tliu 
ADiouut  of  light  vrhit:h  tticy  retlevt;  and  nltliuii^h,  in  tho  ab'^ 
Miioe  of  exact  kiiowlod^  of  their  i-efleetiiig  |H>\ver,thc  result 
of  thtii  metliod  am  not  veiy  txirtaiu,  tlier  aro  the  best  wo  vaii 
obtitiii.  It  is  thus  found  that  CV<.«  and  V<«ta  aro  tho  lai^icst 
of  tho  group,  their  (liiiiiiuter«  lyinj;  ^umuwItL-i-c  bvtwocii  HjO 
and  400  milett;  while,  if  wo  omit  oouie  very  lately  disouvcrod, 
tho  smailost  aro  Ataluiita,  Maja,  and  Sapjilio,  of  which  the  di- 
ainotci«  may  bu  betwL-eii  20  and  40  inilus.  Wo  may  safeljr 
Miy  that  it  would  take  tsL-vera!  thuiiMind  of  tlio  largest  of  the 
sniitll  jilftiiets  to  make  one  a.^  large  a»  the  earth. 

It  hits  eoiimtimcs  been  said  that  somo  of  tlieso  bodies  are  of 
irrt^nlar  shape,  and  thiiH  favor  Olbci^'s  hyjiothcetK  that  lliey 
ai-e  fiai^iionis  of  nn  o^plndcd  planet.  But  thi«  opinion  luis 
no  other  fonndation  tlian  a  i>iisj>ccted  variability  of  their  light, 
which  may  ho  an  illusion,  and  wliicli,  if  it  exists,  might  restill 
fmni  one  eidu  of  the  plniict  being  darker  in  volor  lluiit  tlu) 
other.  Tiie  latter  tuiji^HXiition  ijt  nui  at  all  impivlmble,  aa  many 
of  the  satellites  are  known  to  be  variable  from  this  or  sonw 
Analogous  cuticc.  As  the  «tipp(»cd  irregularities  of  form  ham 
never  beeit  neon,  and  are  not  necessary  to  aeeonnt  for  the  ra- 
riations  of  brilliaiiey,  tltoro  is  no  Gufficieot reason  fur  believing 
i:i  tlieir  oxiKienco. 

Othei'sn  JlypoUietit.  —  The  qneetioii  vhethor  these  bodtea 
could  ever  liave  formed  a  siiiglo  one  has  now  booome  otio  of 
vo«mogony  rather  than  of  n#tronotm'.  If  a  planet  were  ebai- 
tercd,  the  orbit  of  eacli  fragment  wonld,  at  tiret,  \>i\stt  throngh 
tho  point  at  wliiuh  the  explosion  occurred,  however  widely 
Uiey  tiiight  be  »ei(arnted  llirongh  tiio  re«t  of  their  ooiirso.    Bnl 
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iowir^  to  tho  eocular  climigcs  produced  by  tho  atti'actioiu  of 
p.tlic  otl>cr  plitnete,  tliis  coincidetKK  woiiM  not  coiitiiitie.    Tho 
orbita  woald  slowly  tnoie  aivay,  atid  after  tlie  lapse  of  a  fcw 
tbuusand  yean  no  travu  of  a  ouiinnuti  iutcnwutiuii  would  bo 
Been.     It  is,  tbcrcforaiCurions  tliat  Olbei-s  mid  lii.s  coiiU.-in)>om- 
rioe  slionUI  lla^'o  expected  to  fiud  Buuli  a  it^ioii  of  intereeuiion, 
%i  it  implied  that  llio  uxplotioii  had  oevurrtid  within  a  few 
thoDsand  yenm.     The  fact  that  tlie  i-eijiiired  eondilioiM  wero 
Knot  fultillcd  wns  tio  argument  a^inet  the  liypothe^'a,l>ecaiise 
'  the  cxplotion  might  huvo  ou<:urrL*4l  millions  of  ycare  ago,  and 
in  the   mean   time   the  perihi3lii:iit   and   node  of  cnuh   orbit 
would  have  made  many  ctitire  revolutions;  so  that  the  orbits 
^  would  liavo  K-un  complvtcly  mixed  np. 
f     I)csiit>us  of  ««einji;  whether  the  or()il3  pncsed  nearer  a  com- 
mon t>oint  of  intersection  in  tirncfl  iiast  than  at  pi<eeent,  Enckc 
coiiipiittMl  thtiir  ecuular  variations.    Tliu  result  seemed  to  be 
•dvo»o  to  Olben's  liypotho»tm  n«  it  «1i<iwch1  tliut  tho  orbits 
were  farther  from  havinj;  a  common  ]>oint  iu  ages  put  than 
It  profient.     But  tliia  result  was  not  c-unclusivo  either,  because 
he  only  determined  the  rates  at  whieli  the  orbit«  arc  now 
dimn^ng,  whereas,  an  previously  explained,  the  orbits  of  all 
the  planets  really  pn  ihroiigh  periodic-  oscillations;  and  it  is 
only  by  oilciilatitig  tlicsc  oscillations  that  their  positions  can 
be  deti'rinini-d  for  \cry  reinota  cpoobs.     Tliey  have  Hineo 
^been  determined  for  some  of  the  planets  in  (lucstion, and  tlie 
Hreeutt  eooras  to  show  ttmt  (lie  orbits  could  never  have  intcn^cct- 
Hcd  unl»w  liomo  of  them  have,  in  the  menu  lime,  been  allei-ed 
^'by  the  attraction  of  the  small  planets  on  eaub  other.     Such  an 
•ction  is  not  im|>oseiblc;  but  it  is  impossible  to  doteriuine  it, 
owing  to  the  i^reat  number  of  these  bodiot^  and  our  ignoranc* 
of  tlieir  mnsjie^.     We  can,  however,  Bay  that  if  the  explosion 
ever  did  o(!cnr,  an  immense    intci'val,  probably  millions  of 
years,  mnet  have  elapsed  in  the  moan  time.    A  dlifcreiit  ex- 
plaMtion  of  the  group  i«  i^ivcn  by  the  nobnlar  hypothesis,  of 
vhicli  we  ^liall  hereafter  sj)cak,so  tliat  Olbors's  hypotbeeis  ii 
ao  longer  considered  by  astronomers. 
The  planets  in  question  are  diAtiiignislicd  from  tlie  otiwrii 

23 


886 


TBf  SOLAS  srsTex. 


UOt  on\y  by  thoir  uuall  nze,  bot  by  tlie  gK&t  ecwntricitKi 
Itnd  inclinations  of  Uieir  orbit*.  If  wo  except  Mcreiiiy,  uono 
of  the  larger  {ilaDeU  lias  an  eccentricity  amoiintiiig  to  one- 
tenth  tlic  ilianiL-Ivr  of  iu  orbit,  nor  is  any  orbit  inclined  mora 
tlian  two  or  tlin-v  degrcw  to  tlio  ecliptic  But  Hia  inclina- 
tions of  nnuiy  of  tlie  suiiitl  jttaneta  esvocd  ten  dcgrece,  and 
the  ocveii trinities  fix»ineiilly  nmonnt  to  a  foiirtli  of  tlie  mdii 
of  their  orbits.  Tliu  ru^nlt  iK  tliat  tbo  »aine  small  planet  is  at 
vciy  different  di»Iuiic-«s  from  the  sun  in  various  points  of  iu 
orbit.  Add  to  tliis  the  fact  that  ihe  mean  distances  of  tlieM 
bodies  fi-otn  the  sim  haw  a,  protly  widu  mngi>,  and  we  aliall 
tlnd  that  they  extend  throin;li  a  quite  hiiiad  n>iiv.  The  iiitido 
edge  of  thia  zone  aeciiis  pretty  well  ninrkcd,  its  distance  bciii;; 
abont  180  milltons  of  miles  from  the  sun,  or  belwcvn  30  and 
40  millions  beyond  the  orbit  of  Mara.  On  tlio  onlMde,  it  ter- 
niinnt€6  more  gradually,  bnt  nowliere  extcndit  williiu  50  tnEU- 
10113  of  miles  of  the  orbit  of  •Tapitor.  If  any  of  (lie  stiiall 
planelf)  ever  isnged  outside  of  ceHain  limiu,  the  attraction  of 
Mars  or  Jupiter  n-as  so  great  as  to  uomplctuty  derange  tlieir 
orbits,  »o  tlint  wc  liave  a  physical  law  which  eet»  a  limit  to  the 
zone;  but  wheiher  the  limit  thn.i  &ct  would  coincide  witlk  tbe 
actual  limit  wo  cannot  at  present  say. 

There  are  also  within  the  limits  of  tho  gronp  certain  ]Hui- 
lioiis^in  which,  if  the  orbits  were  plneed.  tliey  would  be  greatly 
changed  by  the  action  of  Jnpiter.  Theee  positions  aro  Uiom 
ill  which  the  time  of  revolution  would  Iw  w>mo  simple  exact 
fi-actioii  of  that  of  Jnptter,  n»  i,  ^,  |,  ^,  ete.  ProfeMor  Daniel 
Kirkwuod  has  pointed  out  the  cnrions  fact  that  there  arc  ga]ii 
ill  Uie  series  of  »inall  planets  corresponding  to  llieso  periodto 
times.  Whether  thew  ga))«  are  i-cally  due  to  thu  rolatiotts  of 
tlio  jwriodic  times,  or  ai-e  simply  the  result  of  c-hauoe,  cannot 
yet  bo  Hcttlcd.  The  fact  tliat  qnito  a  nnmher  of  the  small 
planets  have  a  pei-iod  very  nearly  throc-oiglith«  that  of  Jupiter, 
may  lead  us  to  wait  for  further  evidence  before  concluding 
tliat  w'o  have  to  deal  witn  a  iva]  law  of  natiiru  in  tho  oasei 
pointed  ont  by  Profesanr  Kirkwood. 

Sumbcr  and  Total  Mass  of  the  SmaS  PlanHs. — ^At  present  it 
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mot  possible  to  set  any  corlain  limits  to  t]iL>  proSnble  niitiiber 
of  tlic  «niUl  jikiiatA.  Althougli  u  Imiidiei]  iiiiil  «ovci)tj--tivo 
«re  now  kiiunii,  them  ifi  as  yet  no  eeii^ible  tliminution  in  the 
nto  ut  wliivb  tbi'v  nrv  bulng  diecuvi-rut}.  Tlio  rjiiosliuti  uf 
liieir  totiil  iiiiiiilicr  i)<']>oiiiiit  verv  liii^ely  uii  wliL'tlivr  tbvi-o  ia 
uiv  limit  to  their  niiiinteiieee.  If  there  is  no  siicli  limit,  tlieii 
tlivru  iiiav  be  an  inijctitiitu  >iiiml)Ci'  of  tbcin,  too  liiiiull  lu  bo 
foiiiid  with  tlie  teie«ci>|>e»  now  t-ii^iij^-d  in  stfticiiing  for  thmii ; 
aiii]  tlie  larger  the  tclescoiies  eii^a^d  in  the  search,  the  nioi« 
will  bo  fouixl.  Oil  tbf  other  hniid,  if  tlicy  &top  at  a  certain 
limit — my  twenty  miles  in  diiiniclei'— we  inuy  iiiiy  with  von- 
Bidemble  cotiiidcuf»  that  their  total  iinuilier  is  also  limited, 
aiid  that  b_v  fnr  tbu  largfi^t  jmit  uf  tboni  will  bc  dittiovofod 
by  tins  ))i-«u.tut  geiiei'Htion  of  luirionuiiifii*. 

So  far  as  we  van  now  see,  the  |n'e|wndBi'nnue  of  evidence  u 
on  tlic!  fide  of  tlio  nnnibur  and  (nngiiitnde  beinj:  limited.  The 
indioitiontt  in  iWie  dirM-tion  are  that  the  iiuwly  diHcovercd  ones 
MIC  not  f^nenll^  the  emalleat  objet-ts  which  could  bo  «ccii 
with  the  tojoBcuies  whieli  have  nmde  the  disfovcrv,  itnd  do 
not  sL-uni,  on  the  avcmge,  to  bo  mateiially  smaller  than  those 
which  were  discovered  ten  yc&n  ago.  It  £9  not  likely  ihiit  tho 
nnmlivr  of  thi«  ai-eragc  niagnitiulo  whioh  fitilt  reimtin  undis- 
covered ULU  be  lery  ^rcat,  and  new  nnos  will  proliidily  l>o 
fonnd  to  grov  decidedly  rare  t)ef<iro  another  hnndrod  arc  dis- 
covered. Then  it  will  bu  noeoswry  to  ein|>loy  jjrenter  0)itical 
{Ktwer  in  the  seareh.  If  thin  reJinltA  in  finding  a  nntnbcr  of 
new  one«  too  small  to  bo  fonnd  with  the  former  tolescoiKjs,  wo 
«1)r11  linvo  to  ivifHiil  the  gron{i  as  indimited  in  nnniber.  Hnt 
if  no  DHch  new  ones  ki<c  thn»  fonnd,  it  will  show  that  the  end 
h»»  been  nearly  rea(;1>ed. 

In  (jravitationat  astronomy,  tho  qncstinn  of  tho  total  tniu:^ 
«f  the  small  i>limetii  i«  more  im)>onant  than  that  uf  their  total 
nnmber,  Iwcaiise  on  this  moss  depends  their  effect  in  altering 
tliv  motions  of  the  lar^  planets.  Any  individnal  «^niull  ]ihinct 
is  Ml  minute  that  in  attraction  on  the  <iilicr  planets  is  entii'oly 
insensiblo.  lint  it  is  not  i[n)K>ssil>Ie  that  the  whole  gron^i 
tniffht,  by  their  combined  action,  produce  n  ecctilnr  \'nniltioa 
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In  tlio  fonn  of  ilio  oiliit.*  of  Mara  mid  .Iiipiler  which,  in 
CQiiree  of  yeni-&,  \vill  Itu  c-learly  shown  l>v  Ilie  oUeervatiom.'^ 
But,  allliongh  aL-ciiralv  ubsorvatioiis  uf  tlii-eo  planets  Iiavo  been 
Diado  fur  iiiiint  timn  n  ci'tiiiirv,  tio  audi  ciFt^'Ot  hii-s  }et  been  m*- 
tioed.  Tlie  iiiiiii  tural  of  their  maaees  mii&t,  llierefore,  be  munli 
lt>fia  than  tlint  uf  till  avumgt*  phiiiut,  liionffli  wc  cannot  t&y  prc- 
viecly  what  ihit  limit  is.  Tlie  h])|i!1i-vi)1  inajpiiliide  of  tli<iM> 
which  have  been  disuovorcd  h  eiitii'clv  acuordant  with  ihu 
opinion  that  tliu  iiinM  of  tlio  tiiilirc  group  i»  eo  i^maM  ihat  it 
vaiitRit  iiinko  it-ielf  fell  by  itd  atlractioii  on  the  otiicr  ])t«nv1« 
for  inniiy  ycai-a  lo  voiiic.  In  fact,  if  thcii*  diametcrB  bo  ceti- 
mated  fixini  thoir  hrightnvHS,  in  the  inainic'i' already  indicatMl, 
w(!  Khnll  Itiid  tliat  if  all  that  are  yet  known  were  made  into  a 
einjjie  phinot  the  dianieler  would  lie  Icins  ihiin  400  niilcH;  and 
if  a  tliunHind  inoro,  uf  the  avoru^  eizo  of  lliose  dwoovcrod 
sincu  1S50  ?honld  exist,  their  Addition  to  the  <»»isolidnlrd 
]>knct  would  not  inufea^  its  dimnotor  to  SOO  mile^  Such  n 
planet  would  l>o  only  fu'aa  of  tliu  biillc  of  the  earth,  and,  un- 
leu  we  snpiiofled  it  to  poseees  nn  extmordinary  spet-idt;  ,;;n>vily, 
conid  not  much  cxiTud  T^Anr  of  the  inaM  of  Uie  earth,  or  -j'^  of 
tlio  luaBS  of  Merenn'.  Wo  may  fairly  eonclnde  that  unh 
the  gmnp  of  small  planets  actually  f«nsi§ts  of  tens  of  tlion- 
ttnde  of  niinnti-  hodif:^  of  which  only  ti  few  of  tlie  hrij^hle*! 
liAre  yet  lieeii  ili«covcrcd,  tlinir  total  volume  and  tnasB  are  far 
less  than  those  of  any  one  of  the  major  planets. 

The  number  of  thwu  bodice  now  known  t»  so  ^rcat  that  tine  ^ 
mere  labor  of  keeping  tlio  nui  of  tlicir  motioiia,so  that  thej 
•hall  not  lio  lost,  is  out  of  proportion  to  the  value  of  its  iwiilta. 
It  i^  nmiiily  thmngli  tlio  assiduity  of  German  students  tliat 
most  uf  them  nre  kejit  from  being  lost    Should  many  more 
be  found, it  may  bo  tieoessary  to  adopt  the  etiggestion  of  mi 
eminent  German  astrotiotner,  and  let  finch  of  them  as  aoeni^ 
unimportant  go  again,  and  pui^ue  their  orbit  uudietnrbod  bj 
tele^eopo  of  computer. 


sax  FLANET  JUPITSS. 
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CTIAPTEU  IV. 

THK  oriBIt  OHOri*  OF  PLAXETfi. 

g  1.  Vie  Planet  JapUfr. 

JcvnKB  is  tlia  "  giant  jikiict "  of  our  sii-steio,  Iiis  maas  Inripj. 
ly  cxocvdtiig  that  of  nil  tli«  other  [ilnnctH  combined.  Hit 
mean  diameter  is  nboiit  85,000  miles;  but  owing  to  \i\»  mpid 
lutalioi)  on  bis  axis,  his  equatorial  oxocods  bis  polar  dianictut 


Fm.  H.~tafAi»i  nt  urn  Hlili  ni«  ctml  Wiubtniilaa  IdcKnpc,  March  T1>C.  Wl.  IB  bnm* 
a  luluulta  lusui  Uin>.    Uisvru  by  Protntftit  U^ldeii. 

by  5000  milcit.  In  volnmc  he  cscceds  our  enrtli  nbont  ISno 
timM,  while  in  triiiKi  he  exceeiU  it  nhont  ^13  tuiiOB.  Hisiiue- 
citic  gi^vitj  is,  t lie I'e fore,  far  lefs  llmii  that  of  tho  caitti,  utid 
e\-cii  le«»  than  thai  of  water.  His  nii-an  distan<'e  from  ihe 
Bun  ii  4S0  inillinns  of  miles,  bnt,  owing  lo  the  eucentrJ<;ity  of 
his  orhil.  his  avtna)  distance  range*  )>otn'ccn  457  niul  ISOS  rnill- 
lona.  Ui«  time  of  i*uvulutioii  ia  fifty  days  IcaS  than  twelva 
yean. 
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Jupiter  is  cnsily  recogni»»l  hy  his  brilliant  wliiic  lig)it,n-ttli 
n-liicli  Ite  oatsliiiKS  evcnr  otlier  planet  except  VcniiB.  To  fu- 
cilitato  h\&  rocognitioii,  wo  give  tliu  datoe  of  oppoBitioii  diiriiig 
a  few  ycAii. 


IBM 
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ISM. JolTSOtk. 

1091 !M|iMnb«r  Tilt. 


During  tlie  fonr  yenre  following  1891  lie  will  be  in  opposi- 
tion, on  tlio  ftvcrage  abont  five  wcok*  Inter  cadi  ywr.  niiinciT, 
nbotit  tlio  iiiiddio  of  October,  1802,  townrd  rbe  end  of  Nt>- 
^wllll>er,  1S93,  niid  so  on.  A  inontli  or  two  before  opixisition 
)to  can  bo  eecn  ri»ng  late  tti  tlio  evening,  while  during  the 
ibrce  ntoiitbs  following  oppoeiiion  l*o  vrill  alwajrs  be  s««n  in 
die  enriy  evening  somewhere  between  south-east  and  south- 
west 

The  Surface  of  Jupiter. — Except  the  sun  and  rnoon,  theraj 
is  no  objoct  of  our  Sjr«torn  wliieli  has  during  the  last  few  jeait ' 
boett  the  eubjcet  of  more  careful  examination  than  this  planet. 
The  markings  on  his  siirfnco  are  subject  to  changes  so  great- 
and  rapid  that  a  map  of  Jupiter  is  impossible.  Hut  tliis  sac- 
face  alwajrs  prctcnts  a  very  dit*cr»ificd  appearance.  Tlic  ear- 
lier lelesoopie  observers  described  light  and  dark  belts  as  ex- 
tending across  it.  Until  a  quite  recent  period  it  lias  been 
ciutomnry  to  doscribo  Iliose  belts  as  two  in  nnmbor,  one  north 
of  the  eqimlor  tind  tlic  otlier  eoiith  of  it.  Commonly  Ihcy  aro 
seen  as  dark  banda  on  the  bright  disk  of  the  planet ;  but  it  t« 
curious  that  Uuygbens  represents  them  as  brighter  than  the 
re.'it  of  tlie  surface.  A*  tcluscopie  power  was  increased,  it  was 
6ccn  that  the  so -called  hands  were  of  a  fur  more  t.*omplcx 
ttructurc  than  had  been  supposed,  and  consisted  of  great 
numbers  of  stratiliod,  cloud-like  appcaronoes  of  the  mo«t  va- 
riegated forms.  These  forms  change  so  rapidly  tliat  tlie  face 
of  the  planet  may  change  in  appearance  on  two  snooeaiiTa 
nights.  They  are  most  strongly  marked  at  some  distance . 
on  each  side  of  the  Jovian  equator,  and  thus  give  rise  to  the 
appearance  of  two  belts  wlieu  a  very  small  or  imperfect  tole- 
t-cojie  is  used. 


TBB  PLANET  JUPITBS. 

Botlj  the  nntlines  of  these  IjoUs  and  the  color  of  8omo  f^rt* 
of  die  planM,  seem  subjcut  to  ootisidomble  changes.  The 
equatorial  region*,  n^id  indeed  the  Bpaoea  between  the  belta 
geneniUy,  are  often  of  a  rosy  tingo.  Tin's  ootoriog  is  some- 
times 80  fttruiiglj-  iimrkod  ns  to  hu  vvidciit  to  the  moa-t  super- 
ticial  observer,  .vliile  at  otiier  times  liardly  a  tmue  of  it  can  bo 
seen. 

Spots  which  are  much  more  ponnauuiit  tiian  tho  ordinary 
markingfl  on  the  belt  »i-o  «unietiincs  visible.  My  watching 
llieso  spots  from  day  to  dny,  and  iiieaiinriri^  ttictr  position 
upon  the  apparent  disk,  the  time  of  rotation  of  Jupiter  on  hU 
anie  lias  bucii  determined.  Commonly  tlie  epola  are  dark; 
bnt  on  EOiiio  ratlicr  raro  o<M»sions  tho  planet  is  seen  witli  a 
number  of  email,  ronnd,  brigltt  spots  like  satellites.  Of  these 
bright  spots  no  explanation  has  been  given. 


fSB.  SI. — *lew  of  Juiillrr,  n»  •en  In  l.iril   irn-...-.  r-.-i:  t.< 
IMll,  Ul  13  llliUK  -u  miuulM. 


ipc  oil  fabniiirT  tllb. 


From  the  changeability  of  the  holts,  and  indeed  of  nearly  all 
tlw  viitiblc  features  <m  the  anrface  of  Jupiter,  it  U  clear  that 
what  WQ  sec  on  that  planet  is  not  the  surface  of  a  solid  nu- 
cleus, bnt  vaporous  or  doud-likc  formiition*  which  cover  tlie 
entire  siirfaoo  and  esttend  to  a  great  depth  below.  To  all  ap- 
pearance, the  planet  is  covered  with  a  deep  and  denso  &tinoa> 
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plicre,  throngh  which  light  cannot  penetrate  on  account  of 
thick  iiiae«L-s  of  cluiid«  itiid  va|iur.  In  the  ftrruugviiivnt«  of 
the»o  clouds  iti  streaka  poi-ailel  to  tlie  eqiuitor,  nnd  in  tlio 
change  of  their  fonim  with  the  latitude,  tliero  may  ho  some- 
tiling  siittlogoiia  tu  iliu  zones  of  clotidx  luid  rain  on  tlio  earth. 
Rut  of  hite  vetu'3  it  Iian  been  noticed  timt  the  jih^'Aival  ooittti- 
tution  of  Jnpiler  wcins  to  offer  more  analogies  to  lliat  of  the 
Him  than  to  thut  of  the  uurth.  Like  iliu  «iin.  ho  i«  brighter  in 
the  oeiiti'e  than  near  tlie  edges.  Thi»  is  >hon-ii  iu  ihe  most 
striking  manner  in  the  traDsitu  of  his  satellites  over  Iiia  disk. 
When  the  satellite  tirst  eiitere  on  the  di^,  it  commonlj  sooina 
like  a  bright  «pot  on  n  dark  bitukgroand ;  bnt  aa  it  approaclies 
the  centre,  it  appears  like  a  dark  B])ot  on  llio  bright  back* 
ground  of  the  planet.  The  brightness  of  the  centra  is  pi-ob- 
ubly  two  or  thivu  tinie«  greater  than  tliul  of  the  limb.  Tbis 
diniinntion  of  light  towards  the  edge  niav  ari!«,  as  in  the  caso  , 
of  t]ie  snn,  from  the  light  near  the  edge  jmaaing  through  ft 
greater  depth  of  atmosphere,  and  thus  becoming  fainter  bj 
absorption. 

A  Htill  more  remarkable  resemblance  to  the  sun  lias  floine- 
times  been  euepoctod — nothing  less,  in  fact,  than  that  Jupiter 
shine*  partly  by  hifi  own  light.  It  wat)  at  one  time  tupposed 
tliat  he  actually  emitted  more  light  tlian  fell  upon  him  from 
the  snn;  and  if  this  were  proved,  it  would  show  conclusive- 
ly that  lie  was  ^elflnminons.  If  all  the  light  which  tlio  sun 
(Jied  upon  the  planet  were  equally  reHecIcd  in  every  direction, 
we  might  speak  with  «oino  certainty  on  this  qnestion ;  bnt  in 
the  actual  $lnte  of  our  knowledge  we  cannot.  Zolhier  lias 
found  that  the  brightness  of  Jupiter  may  be  accounted  for  by 
supposing  him  to  reflect  63  per  cent  of  the  sunlight  which  he 
receive*.  But  if  thi«  i*  his  aver^^  reflecting  power,  the  re« 
fleeting  power  of  bis  brighter  portions  must  be  much  greater; 
in  fact,  they  are  so  bright  that  they  must  shine  partly  by  their 
own  light,  nnlcsa  they  reject  u  diHproportionnte  sharo  of  the 
flunlight  back  in  tlio  direction  of  the  eartli  and  sun.  Cloiidi 
wonld  not  bo  likely  to  do  tliis.  On  tlio  other  hand,  if  we  as- 
sume that  the  plaiiot  cmit«  any  great  umount  of  light,  we  £.-0 
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mot  br  the  faet  tint,  if  tlii«  vera  the  eobo,  tlio  Hntcllitot  would 
m  by  thi±t  Hglit  wtieii  tliey  were  in  tho  iiliailuw  of  tlie 
planet.  As  th«so  IkxIics  totally  di£3])peai-  in  this  pi^idon,  the 
qiiunriiy  of  lij^lit  emictect  by  Jui>it«r  ttiii«l  liu  iiniiv  .-mdiiII.  Oq 
llu!  whole,  tliere  is  a  small  probability  tbst  tliu  brighter  (({>ut0 
of  tilts  planet  are  from  time  to  tim«  eliglitly  &elf-liiiiiiiioiiii.      • 

Again,  tlio  interior  of  Jiijiitvr  Ecome  to  bu  lliu  suut  uf  an 
ftclivity  M>  etiuriiioii»  tlmt  we  can  uttributo  it  only  to  u  v«iy 
liigli  tern)>enitnre,  like  that  of  the  Bim.  This  is  sliown  by  tlio 
m|iid  movcnit'Dts  &bv«y«  poina;  on  in  Ins  vi^iblo  gnitVu,  wliiith 
fni|ucntly  viiaiigw  iti*  ii«|)vct  in  u  few*  honr*.  Siic-li  a  power- 
ful rffect  could  Imiilly  bo  pro'liiced  by  the  rays  uf  tlie  »im, 
bevaiisc,  owing  to  tlio  great  distanire  of  tlic  plunot,  bo  reiicives 
only  between  one-lwciity>tifth  and  oiie-thij-tii-th  uf  the  light 
and  heat  which  we  do.  It  i>>  thvi-efore  probable  that  Jujiitor 
in  not  yet  covered  by  a  solid  crust,  as  our  earth  ia,  but  that 
bis  n'hitc-Iiut  interior,  whether  Htjuid  or  gaK-oiio,  has  nothing 
to  eover  it  but  the  deii»e  va|H>n  to  whivh  that  hc«t  gives  rico. 
In  thin  caM  the  vapors  may  be  sclfbiniinons  when  ihcv  have 
freshly  arisen  from  tbc  interior,  and  may  rapidly  cool  off  after 
reaching  the  iippcr  limit  to  whieli  they  asuciid. 

finitition  of  Jupiter. — Owing  to  the  pbysicnl  condition  of  Jii- 
piler,  no  precisely  determinate  time  of  rotation  ean  be  align- 
ed him,  as  in  the  case  of  Hara.  Withont  a  solid  crnst  whiod 
wc  can  BCe  from  time  to  time,  the  ob^rved  times  of  rota* 
don  "will  be  those  of  liquid  or  vaporous  formations,  which  may 
hare  a  proper  motion  of  their  own.  A  spot  has,  however,  on 
Ronie  occasions  been  olwcrvcd  (or  sevTml  yean?,  and  it  liaa 
thus  been  pretty  certainly  determined  that  the  time  of  i-ota- 
tion  is  about  0  Itonre  55^  minntes.  The  tirst  observation  of  n 
Epot  of  this  kind  was  made  by  Oas«ini,w)io  found  the  time  of 
rotation  to  be  1>  hours  65  minutes  58  seconds.  Xo  further 
exact  observations  were  made  until  the  time  of  Sdimier,  who 
observed  a  mimbcr  of  transient  spots  during  lT8o  and  17S6. 
Tlic  times  of  rotation  varied  from  9  hours  r>o  minutes  to  9 
hoors  60  minutes,  from  which  be  concluded  that  heavy  stanm 
ragsd  on  the  surface  of  tho  idanct,  and  gave  tlie  cloudy  ma«sci 
O 
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which  formed  tha  spots  a  motion  of  l\w\r  own.  In  Xovcmber, 
1834,  II  reiiiaikiiblo  spot  vus  obscrrod  by  Mudior,  of  Dorpat, 
which  lasted  niitil  tlio  following  April,  fiy^m  whidi  itic  time 
of  rotntlon  L-anie  out  9  honriK  Mj  niitiiitc»  30  »«.'condK. 

Tlio  luuEl  [iLTeietciit  of  theao  phenomena  yet  observed  is  Uio 
noted  "red  aiKit^"  wliiuh  lias  boon  followed  since  1879,  and  is 
still  %isH»le,  tliongh  very  faint.  For  seveiml  year*  it  wiw  rom 
cun«picuoiiB.  WlietliGi'  it  is  destined  to  fade  awny  enltroljfi 
or  to  continue  n»  a  pcrmnnunt  fcutiiro  of  the  planet's  eiirfnoet 
cannot  yet  be  determined.  Tlii«  iipot  in  foimd  to  rotate  in  9 
liuiu's  5&  minutes  40  secunds,  bnt  the  ))eriod  changes  aliglitly 
from  time  to  time. 

liecent  observntionB  and  rc*ciirchea  indicnto  th«t  the  equa- 
torial regions  of  Jupiter  rotate  i[i  lesa  time,  and  witb  men*  ir- 
regulikrity,  than  tlio  othcra,  llins  tthuwiug  still  nuolhcr  analogy 
betireen  tliat  plntiet  and  the  tun. 

§  2.  77ic  SalelUles  ofJupHer. 

One  of  the  earlieat  telescopic  discovcrios  by  Galileo  wnT 
th«t  Jupiter  wiia  aocompantod  by  four  MitcUilCiS  which  re- 
volved round  him  as  a  centre,  thus  forming  a  miniature  copy 
of  the  solar  eyttteni.  A»  in  the  case  of  spots  on  tlio  8nn,  GnU 
IIco'b  announcement  nf  tliis  diBcovery  was  received  with  in- 
credulity by  thoBo  philoHOphera  of  the  day  wUo  believed  that 
everything  in  nature  wiw  described  in  the  writings  of  Aris- 
totle. One  eminent  astronomer — Claviiis — said  that  to  mm 
the  satolUtea  one  must  have  a  telescope  which  would  ppodaoo 
lliern ;  but  ho  changed  his  mind  as  socn  as  he  saw  lliuin  hiin- 
BelF.  Aiiullier  pliiloAopber,  more  prudent,  refund  to  put  his 
oyo  to  the  telescope  lost  liu  ehould  »eo  tliem  and  be  con- 
vinced, llo  died  shortly  afterward*.  "  I  hope,"  said  the  caus- 
tic Galileo,  "that  he  saw  them  wliilo  on  his  way  to  licavcu." 

A  very  small  telescope,  or  ovon  a  good  opcra-gUas,  is  au£* 
ficient  to  show  tlicso  bodies.  Indeed,  very  strong  evidence  is 
on  reuoi'd  that  they  have  been  seen  with  the  naked  eye.  That 
they  could  be  seen  by  any  good  eye,  if  the  phinct  wore  oDt  of 
the  way,  tliere  is  no  doubt,  the  diffiotiltr  in  seeing  them  ari» 
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ing  from  the  glare  of  tlio  jilanot  on  the  eye  If  the  lenses  of 
tlic  eve  are  &o  trani]>ai<ciit  aiiJ  {)urc  ttmt  there  ia  no  siioh 
glare,  it  is  quite  possible  thiit  the  two  onler  ealollitcs  might 
be  Buvi),  Mpceiftlly  if  ihcv  diould  hup^ti  to  be  close  to* 
getlicr. 

According  to  the  best  determinations,  which  Are,  howe^xi, 
br  no  means  certain,  the  dinmutL-iit  of  the  satellites  of  Jupiter 
mngc  between  3300  and  3700  niiieii,the  tliii-d  from  the  planet 
being  tlie  larger,  and  the  second  the  smallest.  The  vohnne  of 
tlio  sniiilicsC  i&,  thunofoi'C,  very  ni-ur  that  of  our  moon. 

The  light  of  tho80  Batrllitos  varies  to  nii  extent  which  it 
b  diflicnlt  to  acoonnt  for,  eAcepi  liy  Bti)i|io^ing  very  violent 
cimnges  constantly  going  on  on  their  anrfaues.  It  lias  Bomo< 
times  been  Btippoeed  that  eomo  of  them,  like  our  moon,  always 
{wesent  the  same  Coco  to  Jupiter,  and  tliat  the  change*  in  their 
briltifincy  are  due  to  differences  in  the  color  of  the  i»arta  of 
the  satellites  u-Jiich  are  siicL-easively  tnrned  towards  ns  dm-ing 
one  revolution  ronnd  the  jtlitnct.  But  the  careful  mL-nsnre« 
of  their  light  made  by  Anwei'iit,  of  13erlin^iiiid  Kngelinann,of 
Leipeic,  ehovt  that  this  liypothesis  does  not  acconnt  for  the 
changes  of  brilliancy,  which  are  sometimes  sudden  in  a  sur- 
prising degree.  The  satellites  are  so  distant  as  to  elude  tele- 
wopic  examination  of  their  surfaces.  We  cniniot,  therefore, 
hope  to  give  any  certain  explanation  of  tliese  ehanges. 

The  satellites  of  Jnpitcr  offer  problems  of  great  ditliculty 
to  llie  moiheinatician  who  nttemjits  to  calculate  the  effect  of 
tlieir  mntiial  attractiuui^  The  secular  variations  of  their  or* 
bits  are  ta  rapid  tliat  the  methods  applied  in  the  i^aso  of  the 
planeta  cannot  be  applied  here  witliont  nintetinl  alterations. 
The  uiost  carious  and  interesting  effect  of  their  mntnal  at- 
tiBOtion  is  that  there  is  a  connection  between  the  motions  of 
the  tliree  inner  satellites  such  as  exists  nowhere  else  in  the 
whir  system.    The  connection  is  shown  by  these  two  laws : 

1.  37ial  Ihe  nuan  motion  ofUie  first  mtrUite  added  to  twict  tfie 
mean  molion  of  tfie  tfiird  is  exactly  equal  to  Oirte  lima  t/te  m«an 
morion  of  tAe  second. 

3.  That  if  to  Ua  meen  longitude  of  tite  ftnt  snuUite  u«  add 
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tieiee  Ok  mean  htiyifude  of  Oit  Otird,  and  nubtraet  three  times  lAl 
mMn  longilude  tf  the  vxond,  tlte  (iijprmict  m  aitcai/t  ISO". 

Tlio  lit^  of  tlieee  relatimiA  i&  ^luvrii  in  Uie  following;  Inblo 
of  tli«  mean  daily  inutiuns  of  llio  eatcUiies : 

Sntcllile    L  in  one  iliiv  morw. „ SD3'.(:<90 

•■       ir.        "         "  ...,„ ]«l".SM8 

"      IIL        ■■         "  _.    BO'.MTT 

"    IV.     "      "       2r.;.;ii 

Motion  or  Sucllfis  I }i>»Mti»» 

TviM  Ihat  oftialMlIlM  III IDO^tnAI 

Sum 801MZ44 

TlirM  ilmM  inuiKiii  urSntelliio  II 304MSt4 

It  was  fii-el  found  fi-»in  oljeorvaliotis  tli&t  tlio  tlirci*  satellites 
moved  together  eu  iiearly  iiucoixliiii;^  to  tliis  luw  lliat  nu  certnm 
dcvitttion  coiiW  he  dctecled,  lint  it  wiw  not  known  Mlictlicr 
tills  wn.1  A  mere  ctianuo  voiiicideiivo,  or  nu  nnlnal  law  of  iiAl- 
in-e,  till  LapUt-e  showed  rhat,  if  liiey  moved  »o  nearly  in  ihl* 
way  as  obecrvutioiis  hnd  shown  thciii  lo.  llicit;  would  txj  an  ex- 
treimOy  iiiituitc  f<ii'(«  ftiipln);  fiimt  their  miitiiul  pi-iivitHtlott, 
BiifHcient  to  keep  them  in  this  I'elativc  |x»itIoii  forever.  Tlxire 
fp,  in  this  case,  some  anahi^y  *"  'ho  rotation  of  tJw  inonii, 
which,  being  onve  i^lnrtod  pix-fcuting  the  i^inc  fac«  lu  tlw 
enrtli,  is  always  held  in  that  position  hy  a  uiinnte  midtinl  of 
tbo  eartJi's  attrautlun. 

Wc  have  already  spoken  of  the  di^icoveiy  of  the  pi-ogrossive 
motion  of  lijjht  from  the  echpses  of  these  satellites,  and  of 
tlie  iisea  of  these  edipses  for  llie  roiiph  determination  of 
lonifitiide*.  lloth  the  ceIipfte»,Hnd  ttio  trnnHit*  of  tlieir  bodies 
over  tlie  face  of  Jnpiler  afford  inleresting  snhjcetd  of  ubcer- 
vation  with  a  t<.-h'<^-ope  of  siiQicient  power,  say  four  ineheA  a|>- 
ertiire  or  npwnrdit.  To  facilitate  etich  ohwrvntjons  the  times 
of  the£«  phenomena  are  predicted  in  both  the  American  and 
iJi-itish  Nautical  Ahnanacs. 

§  8.  liilurn  and  iCt  Sffslem,  Physical  Asptet,  B^ls,  Rotation, 

Sntum  is  the  sixth  of  tlie  major  planet!)  in  the  order  of  dis* 
tanve  from  the  sun,  ttround  which  it  rcvoh'ca  in  30}  yeare  at 
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ft  mckti  distance  of  about  8S0  tnil1ion«  uf  inilc^  In  mass  aitd 
biut  it  elatxls  uext  to  Jnpiter.  To  aIiow  llie  <liD[>nril>-  in  the 
niw<e»  of  Iho  plaiicU  wo  may  ivfer  to  ttie  table  alreadj  frlvcn, 
Bliowiiig  tliat  altliongii  Satnrii  is  not  one-tliiril  tlic  mass  of 
Jtijiitc-r,  it  lias  about  tbi-eu  tiiuee  the  mass  of  the  eix  i>lanel9, 
whivli  aj«  eiualler  tlian  itself  )>nt  lo^otlior.  Its  eurronndiiigs 
am  Bocb  as  to  make  it  the  most  mngoificenl  object  in  llic  »ular 
lystetn.     >Vbi!u  no  other  planet  iit  known  to  have  mora  lluiu 


Vm.  ■*— Vinw  ofSaltirn  niiil  Ills  rtut". 

four  Batclliteii,  Salnm  has  no  leea  than  ciglit  It  is  alfo  Mir- 
ronndcd  by  a  pair  of  rings,  tho  interior  diameter  of  wbicli  i* 
abont  100,000  milp*.  The  nupcpt  of  tliesu  ring's  is  subject  to 
great  variations,  for  rua>ons  wliiuii  will  floon  appear.'  The 
great  distance  of  llie  planet  renders  the  study  of  its  dvinila 
difficult  nnlftis  the  highest  telescopic  power  i*  applied.  Tliu 
whole  coml>ination  of  Saturn,  hw  rings,  and  bin  satellite*  ts 
often  called  the  Situntian  SifiHem. 
Th«  planet  Saturn  genertll.':-  shines  with  the  bvilUaney  of  a 
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modernte  firat-mftErnitnde  utar,  nnd  with  &  dinj;^-,  reddUli  light, 
as  if  seen  tbiougli  a  smoky  Htniuefilioro.  lis  aii]iiin.'ijt  hriglit- 
ness  is,  Uuwuvcr,  difFui-ciit  At  diffL-rbtit  timcfi:  during  tlio  yuitra 
lST6-lS7i>  it  is  fainter  tlinii  tlie  nvei-^^,  owing  to  its  ring  lie- 
ing  seen  neairly  edgewise,  Kioiii  1S7S  till  18S5  it  will  wiii- 
etantly  "ran-  Itiightvi',  oti  Mcwunt  Liotli  of  tlio  opening  out  of 
ilic  riiii;  nnd  lli«  RppTOncli  of  the  plnitot  to  its  {lerilieliuti. 
The  tinice  of  opposition  aix-  as  foUow: 


I8S8.  ....lanimi^iaa. 
1S89. . .  .Fcbruory  Gih. 


lKU()....Pttivnii>v  IVih.  I   IHn March  ITlli. 

lS91....M.>rcli4i)i.        I    18U3....MMT1I90I1I. 


In  Eubeoqncnt  ycaiv  oppo^iliuii  will  oix-tii-  nLout  tliirlifii  diiys 
l»ter  c^cry  yeni',  so  ihiit  by  iiddiiif^  tliis  nniomit  to  the  dttte  for 
cai^li  year  tliu  oppoeitioiia  can  bo  fuund  until  tbv  oiid  of  llie 
century  williuiit  nn  cn-or  of  more  thnn  ii  few  days. 

Tliv  phy?icnl  eoiiMitiition  of  tinturn  becnia  to  bear  a  greBt 
rt^seniblHiic-o  to  tlmt  of  Jupilor;  but,  being  twice  us  far  awny, 
it  cannot  be  to  well  studied.  The  farther  an  objcet  is  from 
tJiu  mm,  the  le»t)  brightly  it  is  ilbnuinated;  nnd  the  further 
fi-oiu  tlie  earth,  the  dinaller  it  lookei,  so  that  there  k  a  double 
difKculty  in  getting  the  titieet  views  of  tlio  moro  distant  plan- 
ets. AVlieti  exaniiucd  under  favurnblc  circiunMimot^,  the  eiir- 
face  of  Saturn  is  seen  to  bo  diveisilicd  with  very  faint  mart 
uigs;  and  if  higfi  telescopic  powei*  are  used,  two  or  more 
Very  faint  Mreuk«  or  belts  mny  be  «ceu  parallel  to  il«  cqaator, 
rtie  8tix>nge:iit  ones  lying  on,  or  very  near,  the  eqnator.  As  in 
tho  case  of  Jupiter,  these  belts  eliangu  their  as]>eet  from  time 
to  time,  but  tiicy  arc  f/  faint  tlmt  the  c'hnn^e.t  eannot  be 
easily  followed.  It  in  llierefore,  in  general,  diDteuU  to  wy 
Willi  certainty  whether  we  do  or  do  not  see  the  same  face  of 
Saturn  on  different  nights;  and,  coti«C]itenlly,  it  is  only  on 
extraordinary  occasions  that  the  time  of  i-olation  can  be  de> 
term  in ed. 

The  tii3t  oceneion  on  which  u  wcU-dofincd  #pot  was  known 
to  remain  lung  enough  on  Saturn  to  deterniine  the  period  of 
its  rotation  was  in  the  time  of  Sir  W.  Ilerachel,  who,  from 
observations  extending  over  scleral  weeks,  found  tlw  time  of 
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rotntion  to  lie  10  }ioiii-»  16  miiiiitc*.*  No  ftirtbcr  oppoi-tii- 
nity  fur  delermining  tliis  periud  »cciii$  to  liavu  uifercd  if:<i.'lf 
until  liJTt!,  wlicii  an  ujipearanvo  aIt<*getlioi-  iicnr  aiiddetil; 
»!iuwod  itMlf  uii  tliu  IjcIiiIm)  uf  tliis  |>1aiioi.  On  the  ovciiitijt;  of 
DeiMi^mbor  Ttli,  Itilit,  Profcssior  Ilall,  wlio  liud  bticTi  engaged 
in  nivafliinM  of  the  eatcllitus  of  SAtiini  witli  tlie  great  SVasIi' 
inj^'in  ti,-le«(!0)>e,  mw  n  brilliniit  wbttc  #|)i>t  nun-  ibv  oqiiutur 
tf  tlte  jiUnet.  It  H.'eiiicd  as  if  an  immense  ci'ii|»liiin  of  wbite- 
liot  matter  liad  mtddcnly  bni^t  np  from  tiie  inlerinr.  Tho 
»(iut  gradually  R^wvad  it«elf  out  in  tliu  direction  winch  vroiild 
be  «wt  on  the  plaiiet,  bo  iu  tu  a'lAiitne  the  form  of  n  loug  li^bt 
eireitk,  of  wbicb  tho  brigbtcet  jxiint  was  near  tlie  following 
end.  It  coiitiiuiod  viiiblu  until  Jainiurv,  n-hcii  it  became  fniut 
iiud  ill-detin«d,iuid  tlic  planet  was  lo»t  ill  the  my»  of  tlic  »nn. 
Immediately  npoii  the  diiicaverv  of  this  remarkable  phenom- 
enon, meseugvft  wore  Miit  to  othci"  obecrvcra  in  sariouB  pai'ts  of 
the  vonntry,  and  on  the  UHU  it  \vu«  mvii  by  Heverul  ob«orvXTB, 
who  iwte^  the  tinio  at  wliieh  it  crossed  the  eenti"e  of  the  diak 
in  oonwqncnoo  of  the  i-otation  of  the  plnnot,  Finm  all  the 
observntions  of  lhi»  kind,  ]'rof<%tor  Hull  found  the  intriod  of 
Satnrn  to  be  l'>  bnurii  14  niiiinte.4,  taking  the  brightest  pnrt 
of  llif  Bircak,  which,  as  we  have  MiiO,  n'aa  near  one  end. 
Ilad  the  middle  of  the  streak  boun  tiikeii,  tho  time  would  have 
b«cn  !<.■«»,  becniiAC  the  bright  matter  seemed  to  bu  can-ied 
ahtng  in  the  direetion  of  the  planet's  rotation.  Attribnting 
tliia  to  a  wind,  tlic  velocity  of  tho  latter  wunld  have  buou  be- 
tween 54  and  100  milc«  mi  hour. 


§  4.  Tfie  Ri»3s  of  Saturn. 

Tlie  mo«t  extraordinary  fcattiro  of  Batnrii  ie  tho  magnificent 
B^tem  of  rings  l>y  wJiich  ho  is  Rurronnded.  To  the  early 
tdeeoopists,  who  could  not  command  entScient  optical  power 
Id  see  exactly  what  it  was,  this  featnro  was  a  Eonreo  of  great 

'  ll  !•  Ttrjr  earloiu  that  ncaily  nil  modom  nrllcr*  give  nhont  lU  houn  3i>  nriii> 
nlw  u  llio  llfflo  or  routlon  at  Sflium  »l>Icli  lleiwbcl  flnnlly  dcducoL  I  c«n 
Aiid  no  iiiiGh  raiilt  in  Ilenclid'i  pujicn.  A  >ii<|>iciDUi  cnmridi-nco  u  Ibal  ihli 
pMlod  ngnc*  wiib  diai  nnignod  for  the  lime  <4  rointlon  or  ilio  nuK. 
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peqiloxity  And  difference  of  opinion.  To  Gnlileo  It  innda  t)ie 
planot  ap^iear  triforin — a  large  glahe  with  Iwo  email  ones  af- 
tixoc]  to  it,  one  on  cucli  »idc.  After  lio  had  oWirvcd  it  for  a 
year  or  two,  he  wos  greatly  jwrplexed  to  tind  tii«t  the  Append- 
ages liad  eiitiivl;  dieapiJeai-cd,  leaving  Satni-n  a  Binglc  round 
globe,  like  iUa  other  planctii.  Hi*  vhtgrin  was  lK'i«htet>cd  b/ 
t)ie  fear,  not  nnnatural  nnder  tlie  circnmstauc-ei,  tlint  the  cnri- 
on»  form  ho  had  before  eewn  might  bo  duo  to  eonie  optli-al  il- 
lusion ooniievtvd  witli  lii^t  letesoope.  Ii  i«  Haid  (I  do  not  kirow 
on  what  anthoiity)  that  his  annoyance  nt  tlie  supposed  decep- 
tion into  wliidi  ho  had  fallen  was  so  grenC  that  lie  never  again 
looked  nt  Samrii. 

A  very  few  years  euQiccd  to  show  other  observers,  who  had 
coniinand  of  inoixi  powt-rfnl  tulcKcopci^  tliat  tlic  singnliiritjr  of 
form  wa8  no  ilhii^ion,  bnt  lliat  it  varied  from  lime  to  time^ 
We  ffive  several  pictiiicd  from  Uuyghens's  iHifstcnta  iSaluraiutty, 
ehowiitg  how  it  was  reprvscnted  by  varions  objicrvcrs  during 
the  lirst  forty  years  of  the  teliscopo.  If  the  reader  will  com- 
pare tliei^e  with  the  ptettire  of  Satnrn  and  his  rings  as  tliejr 
actually  are,  hu  will  see  liow  near  many  of  lito  obMrvens  oaine 
to  n  re[>rc*ontntioii  of  the  prc»])er  appai-ent  fonn,  though  none 
divined  to  what  Eort  of  an  appendage  the  appoamncu  was 
diio. 

The  man  who  at  last  solved  the  riddle  was  Hnyghens,  of 
whriso  long  telc3Coj)e3  we  have  already  spoken.  Examining 
Satnrn  in  Mari:1i  and  April,  105&,  he  saw  that  instead  of  thu 
appendagi'jt  pwsenting  the  np|»cariuice  of  curved  liAndle«>,  aa 
ill  pi-cvious  yeai«,  a  long  narrow  arm  extended  straight  ont  oa 
each  sido  of  the  planet.  Tlie  spring  following,  this  nnii  liad 
disappoarod,  and  the  planet  apiwiired  perfectly  round  njt  Gal- 
ileo had  seen  it  in  IGV2.  In  October,  lOSC,  the  handles  liad 
reappeared,  miidi  at-  hu  had  seen  them  a  year  and  a  halt'  Ijc- 
foiv.  To  his  i-eniai'kably  acute  matheniattual  and  moctianical 
mind  this  mode  of  disappearance  of  the  handles  sntliued  to 
snggest  the  cause  which  led  to  their  apjuircnt  form.  Waiting 
for  entire  confirmation  by  future  observationa,  he  oomnmniea- 
ted  his  tlteory  to  his  feltow-aatroiiomers  in  the  following  com 
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FlO-M'  — ^pfirLinAii*  4)f  flrawiiiffH  dif  ^nicirii  hy  rurt'iiiB  ntikvm^n  bfrforr  The  rliii:*  wt^ 
nn-sntuil  M  Meh!  I.  Potm  n>  itlvm  l>j  (l»lilpi  In  1411;  II.  Dnwiui:  bj-  SclislDiff.  til 
iai«,">buwli>(nin  b>a«[iini|~  IIL  Dnwlne  br  Rlrrloliw,  In  tMOaiidlMl:  IV., V.. 
Vl,.*iii<  VILnr*  Uy  IUvfltn>,*nd  rbnn  tl>f  rbnninvdno  to  Lhs  dimrrtDi  nii;(lu  niiAM 
•Mi>i  '1i»  tJiitf"  wow  f*™ :  Vni.  mill  IX.  orr  liir  KIrxloIn*.  Iwlweoii  I**-  nii'l  1«M, 
w(ira  Ui«  not  una  >*iii  nl  tha  Rrrilnl  aniils:  X.  la  bj  ■  JhuH  nho  iMwed  nudtr 
til*  imtaitmirm  nf  KuHUrHtiu  iff  mrMU.-  XI.  li  bj  VonUnn;  Ul-br  OuKDilt  iiiit 
Rlaiiaiiiai.  uiil  XtIL  by  ItlcrluliM. 

liitiutioii  of  luttera, printed  wUhout  ex|)Iaiiatioii  at  t)io  end  of  a 
little  [Munitlilct  on  liis  discovery  of  the  Bniollilc  of  Saturn: 

fliMaiiiia  fcntf  dtttttg  k  iiiiiii  llll  mm  RnniiKnnftfi  oooa  pp  f  rr  ■  tlltl  ■■■mi, 
wliitb,  properly  arraiigecJ.read  — 

"  Atavtin  a'ajfi'rar,  tthvi,  ptano,  nugiMn  takartntt,  ad  tdiplkmn  iwVi'aala" 
(IlitKirllKl  by  « thin  plane  rin^nowh«re  IOiiahing.inclin»l  to  Ihoccliiilir). 

This  description  is  I'etnai-kablj  complete  and  ncuiirnto ;  and 
enabled  ilavglieiis  to  give  a  iuiiCi«faulorjr  explKiintton  of  tbe 
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rarions  phages  wliicli  t)ic  ring  Iiad  ftttutnod  ss  »«Gn  from  tiK 
C*nli.  Owiti^  to  the  cxtreiiio  thinness  aii<]  fluiiiesA  of  ihu  ul>- 
ject,  it  vna  ootiipletely  inrbiblo  in  xho  telescopes  o£  tliat  time 
wlion  its  0(1^  was  prusciilod  tonanls  the  observer  or  towards 
tiie  «iiii.  Tiiis  tia))]>cti4  twice  in  each  revolution  of  S»ti)n),  in 
mucli  the  saioe  way  that  tlio  earth's  ctjuator  is  twiee  directed 
towards  the  eim  in  tltu  conreu  uf  tliu  ^voar.  The  rittg  is  iti- 
dined  to  tiie  (ihino  of  tlic  [(JKnet'a  orbit  bj  27'^,  corre^pundiiig 
to  the  angle  of  23^^  between  the  earth's  equator  and  tite 
ecli|)ti&  The  general  aspect  from  tlic  earth  is  very  ucai-  lite 
amc  as  from  the  Btin.  As  the  planet  i«volv<»  around  the 
son,  tlw  axis  and  plane  of  the  ring  pi-ceerve  the  same  nbmluto 
direction  in  epncv,  just  as  tlie  axis  of  the  earth  and  the  plane 
of  the  e<jnator  do. 

When  the  planet  is  in  one  part  of  its  orbit,  an  observer  at 
the  snn  or  on  the  cartli  will  sec  the  upper  or  northern  side  of 
the  ring  at  an  inclination  of  27°.  This  is  the  greateat  angle 
at  whicli  the  ring  ean  over  be  eoi^n,  the  petition  oocnrring 
when  the  planet  is  in  262°  of  longUnde,  in  the  eDnslellation 
Sagiitarins.  When  the  planet  has  mo\-ed  thtxingh  a  quarter 
of  n  i-ovohition,  tlio  edge  of  the  ring  is  tnntod  towards  the  son, 
and,  owing  to  it«  extreme  thinneiu,  it  is  viable  onlj  in  the 
nio&t  poworfiit  telescopes  as  an  exceedingly  due  line  uf  light, 
f'trntcliing  out  on  cauh  side  of  the  planet.  In  this  position  tlic 
pinnct  is  in  longitude  352% in  the  conalellation  Pisces.  'Wlien 
tlie  planet  has  moved  90°  farlliei-,  an  ol»orvcr  on  the  snn  or 
earth  again  sees  tlio  ring  at  an  an^le  of  iV  ;  hut  now  it  \*  the 
lou-er  or  eoiitliern  i^ido  which  is  viisible.  The  plauot  is  now  in 
loii^inule  82°,  between  the  eonstellalions  Taurus  and  Gemini. 
Whcii  it  has  moved  00"  farther,  to  hiiigitnde  173°,  in  the  oon- 
stellation  Ijc-o,  t)ic  edge  of  tlio  ring  is  uj^iii  turned  towards 
the  earth  and  sun. 

Thus  tliero  are  a  pair  of  opposite  points  of  tlio  orbit  of  Sat- 
urn in  which  the  ring«  are  turned  edgewise  to  us,  and  another 
pair  half-way  lji>tween  the  Urst  in  whicli  the  ring  \*  seen  at 
its  innximmn  I'nulination  of  about  27°.  Since  the  planet  pe^ 
forms  a  revohuion  in  29|  yeai-e,  these  pliases  occur  at  arera^ 
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IntorvflU  of  bImdI  ftoven  yeni-s  and  four  inoiitliB.  Tlie  follow- 
iug  arc  fwtti«  of  tlio  tiiia-s  of  thoii-  occiiiTeuce: 

1870.  The  plaiicl  being  lietvrucii  Svorpio  mid  SngiUariuB, 
the  riii;;  was  souii  o\ie»  to  its  greatest  brLitdth,  the  north  nlde 
being  viuble.     Tlio  eaiiic  phase  rctni-s  at  tlie  end  of  \S9'X 

1878  (Fehniary  7th).  llic  ed>r«  of  the  niip  wns  turned  to- 
wnrd«  the  smi,  so  that  on1;r  &  lliiii  hue  of  hght  wta  viable. 
Tlie  |ilam*t  u'us  then  hotwocn  Aijimnns  and  PiBc-cs. 

1896.  The  pUinet  beiii»  in  Tunnis  (the  liiill)  the  itouth  «de 
of  tho  rings  was  scon  «t  the  gwntfat  elevation. 

\!i92.  Tlic  edge  of  the  rinp  is  ugsio  turned  townrds  the  snD, 
tlie  planet  being  in  Leo  (ilie  Lion). 

Owing  to  tho  motion  of  the  earth,  the  times  when  tho  edge 
of  lliv  ring  \*  turned  towards  it  do  not  accnralolv  corresjKiiid 
to  tlioSG  when  it  iii  tnrned  towards  the  sun,  and  the  )>uitilA  of 
Stttum's  orbit  in  which  tliis  may  occur  range  over  a  «})acc  of 
several  degrees.  Tlie  most  interesting  times  for  viewing  the 
ring»  with  ])Owfrfnl  telescopes  ai-v  on  ihubO  rare  occasiuits 
when  the  sun  Hhinca  on  one  titde  of  the  ring,  while  the  dark 
Bide  is  directed  towards  tho  earth.  On  llieso  occasions  tho 
piano  of  tlio  ring,  if  extended  out  far  enough,  would  pass  ho- 
twcoii  the  snn  and  tlic  earth.  This  was  tlio  case  t>etwi-cn  Feb- 
rnary  9th  nml  Man^h  Ut,  1ST8;  hut,  nnforlnnaloly^  at  that  time 
dm  eai-rh  and  Satnrn  were  on  opposite  sides  of  the  siin.eu  that 
tlio  phinct  WHS  nearly  lost  in  tho  eun's  i-ays,  and  could  be  ob- 
Krved  only  low  down  in  the  west  jnat  after  sunset.  In  1891 
tlie  position  of  Satnrn  will  be  alnnitt  equally  niifavorablo  for 
tho  obwn'ation  in  qticntioii,  m  it  uin  he  made  only  in  the  early 
mornings  of  the  lalter  i«irt  of  October  of  that  yair.  jnst  after 
Saturn  has  risen.  In  f»ct,  a  i;oo(l  »p|iortuniry  will  not  occur 
till  1907.  In  nortliern  latitudeft  the  lincHt  telescopic  views  of 
Satnm  and  his  ring  may  he  ohiniiied  between  1881  and  1S89, 
because  during  tliat  interval  Saturn  pa»8cs  liia  [wrihelion,  and 
alio  tlie  (loint  of  grcateet  nortliern  deelinalion,  while  the  ring 
is  opetied  nut  to  ita  widest  extent.  In  fact,  these  three  most 
favorable  condiliona  all  fall  nearly  together  during  llieyean 
1881-'S5. 
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AflGi-  IIuyghonB,  the  next  step  forward  in  ducoverioe  on 
SAtiiriiV  ring  was  nmdo  hy  Cassini  of  Paris,  who  found  in  lG7i> 
that  there  were  really  tn-o  riii^  dirldod  by  a  narrow  dftrk 
line,  now  curniiionly  L-alled  Cussiiii's  division.  Tlic  breadth  of 
the  ring«  is  vury  uiiutjtiiil,  the  inner  ring  being  several  tiinc* 
bmnd(>r  thnii  tlio  outer  one.  A  moderate -nixed  tolc««ope  ia 
■ntlicioiit.  lu  iiliow  thia  division  nenr  the  extreme  points  of  llio 
ring  if  llici  atmosithciv  is  Eit-udy  l)nt  it  ivciiiircs  both  n  largo 
teloMoiio  luid  line  Bccinf;  to  trace  it  nil  tite  wny  ftcnwa  tlint 
part  of  tint  riii^  which  is  between  the  observer  nud  the  ball  of 
tlip  planet.  Oilier  divisions,  cepcolally  in  tlio  outer  rinfi.  have 
nt  tiinb*  been  sit»ix>vted  by  foriom  ob«errers,  but  if  they  real* 
ly  existed,  they  mnst  have  been  only  temporary,  foniiing  and 
closing  up  again. 

Ill  December,  16J>0,  the  BAtronomical  world  was  HirpriMd'] 
by  the  iiiinounceniont  that  Profctwur  Bond,  of  Cambridge,  had 
discovered  a  third  ring  to  Saturn.  It  lay  between  the  rings 
already  known  and  the  planet,  being  joined  to  tlio  innvr  odgo 
of  the  inner  ring.  It  lind  the  np])enrAnoe  of  a  ring  of  cr«)»u, 
being  sw  dork  and  obiKure  that  it  might  easily  have  been 
orerlookod  in  Bniallor  telescopes.  It  was  seen  in  England  by 
Uessrs.  l.iiM'ell  nnd  Unvrt^  bt-fm-e  it  was  fimnnlly  unnonDoed 
by  the  Donds.  Sonietliing  of  the  kind  had  been  seen  by  Dr. 
Galle,  at  Berlin,  as  far  back  as  1838 ;  bnt  the  paper  on  the 
subject  by  Eneke,  the  direetor  of  the  olwerratory,  did  not  de- 
Bcribc  the  »p(»oarance  very  clearly.  Indpe<i,on  examining  the 
descriptions  of  olwervors  in  the  early  part  of  the  eighteenth 
century,  some  i-euMxi  \*  foinid  fur  itiispocting  tlmt  tliey  taw 
thi«  dusky  ring ;  but  none  of  the  descriptions  ai-e  sufficiently 
definite  tu  establish  the  fact,  thongh  it  is  eb-ango  if  an  object 
fo  plain  lut  llii«  ring  now  'a  slionld  tiave  been  overlooked  by 
■11  the  older  observers. 

Tlie  qneslion  whether  changes  of  variouH  sorts  are  going  on 
(n  the  rings  of  Saturn  is  one  whidi  is  still  unsettled.  Tlicro 
ia  some  reason  to  lioHevo  that  the  snpposcd  additional  divi». 
iona  noticed  in  the  rings  from  time  to  time  are  only  errors  of 
vision,  due  i)artly  to  the  shading  which  is  known  to  exist  on 
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rarinoB  parts  of  the  ring.  By  referenco  to  tlw  diaifi-aui  vt 
8atnni,  it  will  bo  eeun  tliiit  t)i«  oiitor  ring  lins  a  ^Jiiiilr-d  line 
extending  nroiiiiil  it  nbout  two-tliirds  of  tJie  way  from  it«  in- 
ner to  its  outer  edge.  Tilts  lino,  liavrovor,  is  not  lino  und 
■hu-i>,  like  tlie  known  divi^on,  liiit  tenu\»  to  Klmdc  off  f^nidiuil 
\y  towards  each  ed<^.  Ab  oliAervei-B  who  have  6II)>|mjbl'<1  thoiti- 
lolvm  to  see  a  divii^iun  in  tiiis  i-in-;  hiw  it  whcii:  tliis  ehudcd 
line  i»,  stid  do  not  »\n:nk  of  the  hitter  a»  anything  distinct 
from  the  fonnei-,  there  is  rcaaon  to  lielieve  that  they  mistook 
tjiis  permanL'nt  Bhsdiiig  for  a  now  divisiun.  Thu  iiinirr  riii"  ia 
brigfitc^t  near  irs  outer  vlgo,  and  Himdii'  ofF  p-ndiintly  ti>wai'da 
it»  inner  edge.  Here  tlie  dii&ky  ring  joins  itself  to  it,  and  ex- 
tends about  half-n-ay  in  to  the  planet. 

Att  wen  witJi  Uio  i;i-e»l  Washington  equatorial  in  the  au> 
tnnm  of  1874,  thora  wsb  no  great  or  sudden  coniraBt  be- 
lw<%n  the  inner  or  dark  cd;^  of  tlio  bright  ring  and  the  out- 
er L-dge  of  tlie  dusky  Hug.  Theie  was  some  6iig]>iL-inn  that 
the  one  shaded  into  tho  other  by  insensible  gradations.  Xo 
otie  oould  for  u  moment  ittii>poeo,  as  soinc  obH-rvcr«  have,  tliut 
tliero  vas  a  BG^iaratiou  between  these  two  ringn.  All  tlicse 
oonsiderations  givo  ri«o  to  tlie  question  whether  the  dnsky 
ring  may  i:ot  be  gi-on-ing  at  the  exp6n§e  of  the  inner  bri^it 
ring. 

A  most  stailling  theoiy  of  eliungeg  in  thu  ring»  of  Sntum 
■  ■aa  pmi'minded  by  Strinc,  in  1851.  Tliia  wa.i  nolliins;  losn 
'uKit  that  the  inner  edge  of  the  ring  was  gradually  ai>prua(:Ii- 
iiig  llio  |)laitct  in  coii«cqnenec  of  the  wliole  ring  »)ircadiiig  in- 
wards, and  the  cGiitral  opening;  llnm  tieonining  smaller.  The 
data  on  which  this  theory  was  founded  were  tlio  deecriptionB 
and  drawingi  of  the  riiig«  by  the  astronomers  of  the  govwi- 
teenlh  nontury.  Gs^iecially  Iluyghenn,  and  tiie  measures  ex- 
ei-ulcd  by  later  aPtT<moinors  up  to  tho  time  at  which  Siriive 
wrote.  Tlio  rote  at  which  thu  space  botweon  iho  ling  and  tho 
planet  was  dimini^liiug  RTim-d  t.o  he  utmut  l".'-i  per  <;eiitury. 
Tlie  following  are  the  numlierd  used  by  Strni-c,  »vliicli  aiv  de- 
duced from  tho  dcscn'ptions  by  tho  ancient  obsortCK,  and  thd 
measures  hi  the  modern  ones: 
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»-■■«. 

■MaiMIlMM. 

ICTiT 
16911 
III* 

lese 

IdtlB 
iftni 

S.ft 

S.< 

11.13 
4.M 
4.M 

3,87 

4.S 

A.1 
*.7 

«TI 

7.0* 
7.13 

If  tliMO  estiniatce  aiid  ineaBiirea  were  i-ertAiiily  luivuntMi^ 
tliey  wonld  plaoo  tlio  fact  of  a  progreat\-c  a)iproacl)  of  tlis 
riiipt  to  tliu  IjhU  Ix^viitid  doubt,  ni)  upprofldi  nliivli.if  it  ovn- 
tiiiucd  ut  lIiG  satito  rate,  would  bring  the  inner  ed^  of  iho 
ring  into  contact  wlili  tlie  planot  aWnt  tlie  vesr  8150.  But 
in  iiioai^iiniig  itiicb  nn  objuia  ids  tbv  iiinor  edge  uf  tbt-  n'lig  of 
Salnri),  wliicli,  as  we  have  jii»t  nntd.  oecms  to  fiide  griii.tiuiI1jr 
into  the  obscure  rin^,  diffvi-ciit  obeorven  will  alwaj's  obtain 
different  mull^,  and  llio  ilifTi*ii:nc<.<»  among  tlio  four  obMirv- 
ei«  commencing  witlt  W.  Slnivc  hiv  no  greater  tliaii  are  oftcii 
•ecu  in  measuring  an  object  of  eiicii  nncertain  outline.  Heiioo, 
oonaidering  the  gi"cat  iin)>ix>bability  of  bi>  Etupcndous  a  cosiai- 
cat  cbaiigi.' going  on  witli  hu  inucli  rapidity,  Strnvcs  theory  baa 
always  been  viewed  witli  donbt  by  oilier  aatrononiers- 

At  the  same  time,  it  ih  impoesiblo  to  reconcile  the  deecrip* 
.dona  by  the  early  observe™  with  tho  obvious  a«pcot  of  the 
ring  aa  teen  now  without  supiKtsing  aoitie  vbango  of  tlic  kind. 
Tlie  inf'flt  cniiinil  observer  who  iiow  looks  at  Snlnm  will  sea 
that  t)io  breadth  of  tho  two  bright  rings  togvtlicr  it  at  least 
)i»lf  8fi  great  again,  if  not  twice  a.t  greats  as  that  of  tho  dark 
space  between  the  inner  edge  of  the  bright  ring  and  the  plan* 
et.  Itnt  Ituygheiis  do^cribea  the  dark  epac-e  att  about  e^jiial 
to  tho  breadth  of  the  ring,  or  a  little  greater.  Snppoaing  tlta 
ring  till!  same  then  aa  now,  conid  this  error  have  ariGcn  from 
lh«  impci-fection  of  hia  tcloecope  ?  No :  becan^  the  effect  of 
the  imperfection  would  have  been  directly  tiie  opposite.  Tha 
old  telescopes  all  represented  planets  and  other  briglit  objeeti 
too  latge,  and  therefore  would  show  dark  epaecs  too  small, 
owing  to  tho  irradiation  prodiieod  by  their  imperfect  gl: 
A  strong  confirmation  of  Struve'a  view  is  found  in  tite  oH' 
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Inres  jrlven  in  Fig.  80  by  tlioso  obaervops  who  could  not 
clcurly  iiisko  uiit  lU«  ring.  In  iiC4irl,v  nil  caMw  fliv  ^nik  Kpiioca 
were  more  compic-iiouH  thou  the  edges  of  the  ring.  Uut  if 
we  now  luok  ut  Sotiim  tliruiigli  n  very  bad  atiiK«|)h«i'C,  tlioiigli 
thu  blliitlicitl  outtiDO  of  the  ring  inny  lie  cl<-iii'!y  ttiiidc  out, 
tint  dnrlc  ^imce  will  be  almost  obliterated  by  the  encroachment 
of  the  light  of  the  planet  Bnd  ring  njioii  it.  Tho  ijiti'stioii  is, 
tltcn-ruri-,  oiiti  of  tlj<M;  the  uotii|ilvle  eultttion  of  which  must 
bo  left  to  f>itiii-e  observcra, 

g  5.  (hnsiitulwrn  of  the  Ring. 

TIhi  difficulties  which  iuveetigAtore  hnve  mot  with  in  nc* 
ouiinling  for  the  rings  of  Saturn  an)  of  the  Gsme  usinro  as 
tlio«i>  wti  havu  dcM-rilHK)  m  ariiring  frotn  spoetrowopiu  disc»v> 
eric#  res]>ccting  the  enveloj>es  of  the  aim.  They  illuatrate  the 
pbilofiophic  maxim  tliat  stirpriEe — in  wliicli  term  we  may  in- 
clude all  difficulty  and  )>t.-r|iluxity  which  men  incut  with  in 
acvking  to  account  for  the  [dienomena  of  nature — is  a  leeiilt 
of  i<artia1  knowledge,  and  uumot  exist  oillior  with  entire  ig- 
norancu  or  coin|>lclo  kiiowlcdgo.  ThoMj  who  are  perfectly 
ignorant  are  jturprised  at  nntliin^^,  because  tlicy  cx[>cct  rioth* 
in-r.  while  ]>erfect  knowledge  of  what  i*  to  hxpiH^m  iiUo  jiro- 
chides  the  same  feeling.  The  astronomere  of  two  cent.nriea 
ago  eaw  nothing  Biirprisiiig  in  the  fact  of  a  jmir  of  rings  enr- 
rounding  u  planet,  and  aeeompaiiying  it  in  it-*  orbit,  bccann 
titer  were  not  actjuainted  witli  the  effccla  of  gravitation  on 
such  bodice  a»  the  rings  Eccmed  to  Ite.  But  when  Liiplaco  in- 
vi-vtigatcd  thu  subject,  lio  found  that  a  homogoncuuH  and 
uniform  ring  surrounding  a  planet  could  not  lie  in  a  stale 
of  stable  cquilibrimn.  Let  it  ho  balanced  ex-er  so  nicoly,  llio 
slightest  external  force,  thu  attraction  of  a  satellite  or  uf  a 
distnnt  planet,  woidd  destroy  the  cQuilihrinm,  and  the  ring 
woald  soon  he  precipitated  upon  tlio  planet.  Ue  tborofore 
ramarkod  that  the  rings  must  have  irregtilniilies  in  their 
form,  such  a$  Ilerechel  supiKmed  he  had  seen;  hut  he  did 
not  investigate  tlto  question  whether  with  those  iri-eguIaritio« 
Uw  equilibrium  would  really  be  stable. 
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The  question  wnt  next  takuii  np  in  tliis  country  b^  Profees* 
on  PvirciO  and  llond.  The  latter  atarted  from  the  eiipiKwed 
result  of  obaervations — that  new  divisions  show  tlicntscIrM 
from  time  to  tiino  in  the  rin;^,  nnd  then  vUtie  uji  s^iii.  Uu 
theiiue  inferred  that  the  rings  nmst  l>e  flnid,  and,  to  oontlnn 
this  \iw,  ho  sliou'ud  tho  iinpoMibility  of  ot'on  an  irregular 
solid  jmir  of  riiipi  fnllillln^  nil  (he  nenessurv  oonditioiiK  of 
liability  iviid  fi-ecdom  of  motiun.  Profoasor  Feiroe,  taking  up 
the  came  subjeut  from  a  mathcintilicnl  point  of  view,  found 
that  no  t'lincuivuhlu  form  of  iri-egiihii'  aohd  ring  would  bv  in  a 
state  of  sTiible  eijnilibriuin ;  he  thcreFuro  adopted  Bond's  view 
that  tJio  rings  were  fluid.  Following  up  ^ic  {rivc«t4gstion, 
ho  found  that  even  ii  Huid  rin^  would  not  be  entirely  wtabldj 
without  some  external  support,  and  ho  attributed  that  supi*ort 
to  the  attractions  of  tlit;  Nttollitvi^  i!ut  u  Laplivo  did  not 
deniunstratv  that  irn-i^iilikriiittH  would  make  the  ring  stable,  m 
Fcircc  nii^nily  foil  liiii^k  u{K)Ii  the  uclmccion  of  the  Mtlcllitca  as 
A  sort  of  forlorn  ho{>e,bnt  did  not  demonstrate  that  llie  fluid 
ring  would  really  bi-  stable  under  tlie  iuflnoiiw  of  their  tiitrao- 
tion,  ludei^d,  it  now  Hocnis  very  doubtful  wlicthvr  this  at- 
traction woidd  hate  tlic  effect  nnpjxjned  by  PeiitM^. 

The  nest,  and,  we  may  say,  the  last,  im(>ortant  step  nts 
taken  by  Pi-ofessnr  J,  Clerk  Maxwell,  of  England,  in  llm 
Adams  prize  essay  for  1856.  Tie  hmnght  forwai-d  o1)jections 
whteh  socm  unnn^wcrnhle  agatUGt  both  tlio  solid  and  the  fluid 
rint,  and  revived  n  thonry  i)ri"ipoimdwl  by  Ctuisini  b1>oui  tlie 
beginnin<(  of  the  last  eentnry.*  This  astronomer  considered 
the  rin;^  to  lio  formci!  by  n  i:loiid  of  satellites,  too  small  to 
l)e  separately  scon  in  the  telcwopL',  and  loo  close  togotlior  to 
admit  of  the  intervals  between  them  bciuj;  visible.  Tliis  ts' 
the  view  of  the  constitution  of  tlio  rings  of  Satnrn  now  nioet 
generally  adopted.  The  reason  why  the  ring  looks  solid  and 
continuous  is  thnt  the  Mtcllitcs  nrtt  too  lunall  and  loi>  numcmiia 
to  be  seen  singly.    They  are  like  the  separata  little  drojis  of 


"  Roc  Memoirii  n(  ihc  Freni^h  Arnclcmy  of  ScicnoM  for  IflC,  p.  *J)  m  CW, 
■tnt'*  "  £l<nien«  il'Asrr</nuiiiie."|<.  338,  faril,  1740. 


TBS  SJTELLITES  Of  SdlUSlf. 


359 


I 


irster  of  which  uloiid*  and  fojs;  nro  comt)c«cd,  whivli,  to  o»r 
eves,  »ecm  like  solid  iiiassci.  In  the  dusky  ring  the  pai'tiulcs 
inuv  Iffi  so  BCHitoi-ed  ilmt  vro  can  ecw  through  the  ctoiid,  the 
ruust-n  that  it  lu«)kH  dtuky  hcitig  miii]>Iv  lliv  coiiipanitivcly 
Kimill  number  of  the  pnrtiulee,  so  tliat  to  the  di»tmit  eye  tlicy 
•|itie*r  like  the  faint  stippling  of  ati  engraving. 

The  question  »nM«  wlicthcr  thu  uunipunitivo  darknvfie  of 
some  poftioiu  of  the  hriglil  ring  may  not  t>c  duo  to  tlie  paueity 
of  the  particles,  wliidi  allows  the  dark  baekgronnd  of  the  tky 
to  be  e«t.-n  throiigli.  This  qiiMtioii  i^nnot  be  pogitively  an- 
awi-rcil  nniil  finther  obiervntions  are  tnnde:  but  the  [•rL<i>on- 
demiice  of  evidence  favors  the  view  tliat  the  entii'e  bright 
ring  is  u]mcjuo,  and  ihut  the  dark  shading  is  dno  entirely  to  a 
darker  vi>litr  of  timt  )'iirt  of  the  ring.  Indeed,  for  anything 
we  certainly  know,  the  whole  ring  may  be  vontinnoiia  and 
Opaque,  tlic  darkt-r  i-haile  of  »onie  parts  arising  solely  from  the 
particles  Iteing  there  black  in  color.  Tho  only  way  to  sfttlo 
convhuively  the  qne»liom  whether  th^c  parifi  of  tho  ring  look 
black,  owing  to  the  sky  beyond  Stowing  ilirongh  openingn,  nh 
it  were,  or  from  u  black  color  of  the  ring,  is  to  find  whether  a 
BiBr  or  other  object  ean  be  seen  through  tho  dark  »]>acv«.  Itiit 
an  opportunity  for  M^eing  a  bright  i^tnr  ihroitgh  tho  ring  ha* 
never  yet  piewnicd  itH-lf.  The  most  ohvions  way  of  nettling 
the  qncstion  in  pccpect  to  the  dnsky  ring  is  to  notice  whether 
tlie  planet  itiwjlf  can  bo  teen  throngh  It;  but  this  i*  innch  more 
diflicnlt  than  might  be  snpi)06ed,  owing  to  the  ill-detined  as- 
pect of  the  ring.  The  teatinmny  of  both  Lasseli  and  Tron\'e- 
iot  ig  in  favor  of  the  view  that  tliis  ring  is  partially  tmnspar- 
ent;  hnt  their  oli^erMition^  will  need  to  be  rcpeitlcd  when  the 
ring  is  opened  out  to  our  sight  after  1^83. 

g  6.  Tf><  Saleilikt  of  Salum. 

Wlien  IIuyglienB  conjinomwd  his  obwrvations  of  Satuni  in 
1655,  he  saw  a  star  near  the  planet  which  a  few  days'  observR. 
tion  enabled  him  to  recognize  a»  a  satellite  revolving  round  it 
In  ahont  fifteen  daj-s.  In  his  "  Stftiemn  Salumium,"  he  vent- 
nivd  to  expivM  the  opinion  that  tliis  discovery  completed  tho 
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gol&r  evstom,wIiicIi  now  comprised  six  pl&DcU  (Satum  being 
then  tiie  oiitenooet  known  planet)  and  six  salelliti.'H  (one  of 
the  earth,  four  of  Jupiior,  and  tliiB  uno  uf  Satiini),  making 
tbo  pL-rftiut  number  of  twt-lvv.  He  utu,  tlivix-fuix.',  contidfut 
that  no  more  satellites  were  left  to  discover,  and  tlimnj^li  fall- 
ing to  seardi  for  oUiciVjlic  [>ix>bubly  lost  tlto  lioiiur  uf  addi- 
tioital  diacovcrica. 

Twelve  Jem's  after  tliis  [> ■'edict ion,  Caeaini  diaaovered  a  see* 
ond  BaloUito  ontsido  tliat  found  \>y  Hnj-^licti«,  and  wiibiii  a 
fow  yean  inoi-u  lie  found  tbrco  otlicrs  intiido  of  it.  Tliu  di«- 
covcrj-  of  four  juilenit(>H  by  one  astronomer  was  so  brilliant  a 
result  of  French  eciciiee  that  the  Govemtneut  of  France 
struck  a  medal  in  coininentoratlon  of  It,  bearing  Ilic  insL-rip- 
tion  Sutnrni  ^tetUtei  }>i-ii)iu>ri  corfmli.  Tlieae  five  ^it-llitca 
complotod  tlie  tinmbor  known  for  more  than  a  ccnturj.  In 
ITSd  Ilcrsohol  disco^'e^(!d  two  new  onL-«  still  noui«r  Iho  ring 
tlian  thoae  found  by  Casi^inl.  The  space  bctwooii  tliu  ring  and 
the  inner  one  ie  so  small  thai  t)ie  satellite  is  generally  invuibls, 
oven  in  tlio  most  poworf  til  tek'scnpea.  Finally,  in  September, 
ISiS,  tlie  Messrs.  IJoiid.  nl  tlie  Observatory  of  llarvurd  Col- 
lie, found  an  eighth  satellite,  while  examining  tlie  ring  of 
Satnrn.  Bjr  a  singular  coiiK-idciice,  this  eatetlitc  was  found  bjr 
Mr.  Ijuwetl,  of  Eii^laiid.  only  u  couple  of  nig1it»  aftvr  it  was 
detected  by  the  Bonds.  The  names  which  have  been  given  lo 
tliueo  bodies  are  eliown  in  the  following  1!^  in  which  the  eat- 
clliti»  are  arranged  in  the  order  of  tlicir  distance  from  tlto 
planet.  The  distances  are  given  in  semidiameteis  of  Satiini. 
Moi-u  exact  olomeDts  will  bo  fonnd  tu  the  Appendix  to  thii 
k-oUime. 
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TIio  lirigittnois,  oi-  rntlicr,  tlie  Tieibilit;,  of  tliese  eatelliteB 
folluwA  t)ie  eKmc  oixJer  ha  tlieir  discovery.  Tliti  smallest  teK 
escope  will  show  Titan,  niid  one  of  very  modei'ate  aize  will 
sbow-  Jujivliu  ill  tliv  w<.\*t4;rii  jmrt  of  its  orMt.  Four  or  fivo 
inches  iil>crliiru  will  kUow  UIilmi,  uiid  pcrliaixt  Tcthys  Rnd  Di- 
one,  wliile  seven  or  eight  iDoliea  itre  refiiiii'ed  for  Eticehidiu, 
and  even  nidi  tliat  n)>erliiro  it  will  [>i'<jhali1y  he  seen  only  near 
its  grcatcBt  elunicaliou  fruni  the  itltinut,  ^ituaa  unn  \m  seen 
only  neutr  the  «Hnic  pos-'tion,  iinletd  the  ring  h  wen  edgewise, 
and  will  then  require  a  large  telescupe.  j>i\>l>ahly  twelve  indies 
or  upwsixlK,  Finally,  llyperiuii  cnn  ho  rcvogtiizi-d  only  with 
tlie  tnwt  [Mwerf nl  teleaco|>eB,  not  only  on  Account  of  its  faint- 
ness,  bnt  of  tlie  diOiculty  of  dielingutehing  it  from  niinulc  stara. 

A)]  tJttHO  satvllilctt,  uxuopt  Japctns,  roruli'v  vury  ntnrly  in 
Uio  plaiic  of  the  riitg.  Coitscquently,  wli«n  the  edge  of  ttie 
ring  is  tnmed  towards  tlie  e»illi,tiie  satellites  aecin  to  swing 
from  one  side  of  the  planet  to  tlie  other  in  a  straight  lino,  niu- 
ning  along  the  tlitn  edge  of  llio  ring,  like  bends  on  a  string. 
Tliifl  pliasc  affoixJ*  the  be»t  op]»ortiinify  of  seeing  tlie  inner 
aak'Hiti'S  Mimas  and  Knce1adiif<,  because  they  are  no  longer 
obsetired  by  the  brilliancy  of  the  ring. 

Japetnii^  tho  enter  MttL-liite  uf  all,  cx)iibit»  this  roinarkabh; 
peculiarity,  that  while  in  one  part  of  its  orbit  it  is  the  bright- 
«tt  of  the  RatellitcB,  except  Titan,  in  tlio  opposite  part  it  is  al- 
most as  faint  as  Hyperion,  and  can  be  seen  only  in  lui^ 
tcl<.'<«co)>C8.  M'hen  wc«t  of  the  platiet.it  is  bright;  when  ea&t 
of  it,  faint.  This  pecnliarity  has  been  accounted  for  only  by 
supposing  that  tlic  Milolltk*,  like  onr  moon,  always  presents 
tlio  same  fai^  to  the  planet,  and  tliat  one  side  of  it  is  white 
and  tiie  other  intensely  black.  Tlio  only  difficulty  in  tlio  way 
of  this  explanation  U  that  it  is  donhiful  wlictlicr  any  Uiinwu 
siibetancc  is  so  black  as  one  side  of  the  satellite  miiat  be  to 
account  for  such  great  changes  of  brilliancy. 

§  7.  Uirama  and  its  SatflliM. 

Uranns,  the  next  planet  beyond  Saturn,  is  at  n  mean  dis- 
tance from  the  sun  of  about  1770  tnilUona  of  utiles,  and  per- 
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forms  a  revotntioii  in  S4  j-eai-a.  It  filiines  as  a  star  of  tlie  gtxlli 
magnitude,  and  can  tlicrcforo  bo  Hoeii  witli  the  nuked  evo,  if 
utto  liiiow*  cxActly  where  to  look  for  it.  It  vfM  in  opposition 
Felminry  20(li,  ISTS,  atld  the  time  of  ojiposition  dnriiig  llie 
remainder  of  the  present  cciitnry  may  he  found  b^-  adding  4| 
dB}-«  foi-  ovci-y  war  siihavjiient  to  ISTD.  To  find  it  rosdily, 
oillier  with  «  lelesuojic  or  tlie  naked  eve.  ret-oimie  must  be  luul 
lo  the  NauUml  Almanac,  wliere  the  ]iosition  (rigtit  ascension 
and  declination)  iit  k^voii  for  aac-h  day  in  the  }x«r. 

Of  eouree  (he  emnlteit  tele8i.!<){)eti  will  i-liow  thi»  planet  a«  a 
star,  but  to  recognize  its  di«k  a  magnifying  power  of  at  lenu 
100  should  he  niKid,  and  300  will  bo  neee$«ary  to  any  one  who 
is  not  a  praetised  oh^ierver.  As  seen  in  a  /arge  lelescope,  tli» 
planet  has  a  decided  sea-green  eolor.  Very  faint  markings 
have  liecii  »ccn  on  the  disk  by  Profcfsor  Youi'/,  thoogh  no 
cli»iige9  due  to  an  asial  rotation  could  be  established;  hnl  it 
may  he  regarded  as  eertain  that  it  doeit  rotate  in  tlie  eanie 
plane  in  wlucli  the  ealelHtce  revolve  around  it. 

I)!sco\rKT^  tif  ffrariut. —  This  planet  was  diiieovci'ed  by  Sir 
William  llerechol,  in  March,  17S1,  Perceiving  by  its  disk 
that  it  was  not  a  star,  and  by  its  motion  that  it  was  not  a  neb^ 
nia.  he  tnok  it  for  a  eotiiM,  The  pcMiliility  of  it*  being  a  now 
planet  did  not  at  tirst  occur  to  him ;  and  he  tltercfore  com- 
ninuii-ated  his  discovoi'y  to  tlio  Royal  Society  tw  being  one  ot 
a  new  roitiel.  Vurions  iMmpntiiig  ftsti'<>n»nier»  thcreiijwii  at- 
tempted to  tind  the  orbit  of  the  supirased  comet,  from  tlio  ob- 
servations of  Hereuhol  and  others,  BSsurning  it  to  move  in  a 
])iirnbola,  like  other  eomctn^  Hut  the  nctnnl  motion  of  tlio 
body  constantly  deviated  from  tlie  orbits  tluis  compnlcd  lo 
«iich  an  extent  that  new  calculations  had  to  bo  re]>eatcdly 
-nade.  After  a  few  weeks  it  was  found  that  if  it  moved  in  a 
parabola,  the  nearest  di»tan(%  lo  the  sim  must  bo  at  least  four- 
teen  tiinc»  tiiut  of  the  cai-th  from  the  eun,  a  jwnhclion  distiuioa 
many  timea  gi-cater  timn  that  of  any  kiK»vn  comet.  This  au- 
nouncemont  gave  the  hint  that  some  other  hy])otlieeie  iua»t  bo 
retorted  to,  and  !t  was  then  found  that  all  the  obwrvattOM 
could  be  well  rapresentcd  by  a  circnlar  orbit^witli  a  radiiH 
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nlnotocn  timcft  tlmt  of  th«  eartli's  m-bil.  Tho  obj[<c[  waa,  there- 
fore, a  pluiot  muviiig  nt  duiililu  the  dittiiiic-c  of  ^iilnni. 

Witli  *  ODmiiieiidnlilu  fceliiig  of  gratiliide  towaids  the  myiil 
I«tit>ii  who  liad  Afforded  him  the  tiicttua  of  making  Ids  dia* 
eoveries,  HvniuLL-I  propuMod  to  cnll  the  new  pliitict  (iwiyiitm 
tJidu*  (ihc  Star  of  the  Ueni-gei').  This  uame,  c-outraulnd  U> "  the 
Geor^wi,"  was  ciii|<Iuvc-d  in  Engliiiid  iiiilil  IS&C,  but  never 
uiine  into  iibq  ou  tho  ('oiitiiicDl.  I^iUuidu  tliought  the  iiiuftt 
appniprintc  Duiiie  of  the  [ilAiiet  wae  thut  of  its  dUeovercr,  and 
therefore  proposed  to  call  it  Uerficlid.  But  lhi»  naiuo  ii>ct 
witJi  no  mura  favor  lhn>i  the  other.  Several  other  tmiiic«  wcrs 
propoKil,  bnt  tliut  of  L'raniia  at  length  met  with  univer^l 
adogilioii.  It  n-as  projioeed  by  Iludv  as  thv  ino£t  upproprinte. 
on  tbe  ground  tliai  tlio  iiio«t  dintant  body  of  our  ^yBteiii  miglit 
be  prv]>cr1y  it»uu-d  after  the  oldoat  of  tlie  gods. 

After  the  clliplte  orbit  of  tJio  planet  tind  been  accurately 
eoinpnlcd.  and  ita  path  nmpinfd  ont  in  the  lieavoii#,  it  vra« 
foaiid  l]iat  il  hiid  hevii  #eeii  a  (surprising  iinmbei'  of  times  as  a 
btar  without  the  observers  having  enlerl.iined  any  eiispicion  of 
its  planetary  tiatiire.  It  had  passed  tlirongh  the  tield  of  their 
telescopv*,  and  thoy  Imd  nolud  the  time  of  its  transit,  or  its 
deelinutiou,  <ir  hotb,  but  had  cntci'cd  it  in  thoir  jotirnitls  simply 
M  an  nnnamed  star  of  the  eonsiellalion  in  which  it  Iiiippencd 
to  be  at  the  lime.  It  had  been  thus  seen  five  timet)  by  KInm- 
Meed,  tho  iint  observation  beini;  in  l*MfO.  nearly  a  I'entnry  bo- 
fore  the  discovery  by  Uerschel.  What  is  must  extraordina- 
ry, il  bud  been  observed  eiglit  tinier  in  rapid  ttncoession  by 
Lo  .Mimiiier,  of  Pari*,  irt  December,  17fiS.  and  January,  17$9. 
JIa<l  that  astronomer  merely  taken  the  trouble  to  ivdtu-e  and 
compare  hie  observations,  he  wonld  have  aniieipiiled  lleit^ehel 
by  twelve  yeai«.  Indeed,  considei-ing  bow  easily  the  planet 
can  be  seen  with  the  naked  eye,  it  is  illuetraiivo  of  tlu"  koikII 
amount  of  care  devoted  to  eatalogning  the  stars  Ihnt  it  was 
not  discovored  wilhotit  a  teleseojjc. 

S'llrilila  of  Umniii. —  In  January  and  Fcbniary,  17S7, 
Hcrscbel  found  that  Uranus  was  aoooinpanicd  by  two  satel- 
lites, of  whidi  tbo  inn(.-r  performed  a  revolution  in  a  little  lam 
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tliftii  nino  <laf»,  And  tlte  outer  in  Uiiileon  davu  ntid  a  lial£ 
The  exUtence  of  tlieee  two  eatcllUes  was  well  authenticated 
by  his  obsoi-vatioiis,  and  tlioj'  Iibvu  bi-cu  fi-Lvjiientljr  obwn'ed 
in  rcociit  titn«#.  Tliey  cun  be  eeen  wiib  n  telm«ope  of  one- 
fool  ajwrtni-e  or  upwards.  Afterwaiils  Uerscliel  made  ft  very 
aesiJuoux  scurcb  for  other  uitcllitiw.  Ilu  uiiuaniitercd  many 
(lidlcultieH,  not  only  fmui  the  extreme  faintnete  of  the  objevta, 
but  from  tbo  difficulty  «E  deoidiu};  whether  any  object  be 
iiiight  80C  WW  ft  Miicilitc.or  a  •mall  stAr  uhirb  ba[>|>ened  to 
be  in  tbfl  neighborhood,  lie  at  lengtJi  annonuL-ed  llie  probable 
oxietcntfi  of  foin-  additioiml  entclliles,  the  uri>it  of  ouu  betti^ 
Inside  of  thut«c  of  llie  two  cvrtiiiu  oiii-«,  one  bolwocii  tJiciu,  and 
two  outside  them.  This  made  an  entire  number  of  six;  ntid 
tliough  the  ovidoiico  adduced  by  Ilci-ecbel  in  favor  of  the  ex- 
istcnoo  of  llio  Four  additional  onoe  wiu  vnlircly  ingnfficient, 
and  their  existence  has  been  complctoly  diif]irovi-d,  tliey  figure 
ill  eome  of  our  books  on  a-itroiioniy  to  lliiit  dny. 

For  half  a  contuiy  no  telescope  more  [lowerfiil  than  that  of 
Horsclicl  Wtti  turned  upon  L'ranus,Rnd  Uu  additional  li]|;lit  was 
ihrown  upon  tlio  quoiition  of  iho  uxiMcuoc  or  noti-vxi^onco  of 
the  questionable  objects.  At  length, alwut  lSii\  Mr.  Williaiu 
Laesoll,  of  England,  constructod  a  reHoctor  of  two  fioot  aper- 
ttin-,  of  which  we  have  already  spotcen.  and  of  very  excellent 
detiiiilion,  which  in  optical  power  exceeded  any  of  tlie  older 
instrnmenta.  Willi  this  he  euucoeded  in  discovering  two  new 
BHtollitos  inside  the  orbits  of  the  two  brighter  oiio«,*  bnt  found 
no  trace  of  niiy  of  die  additional  satellitee  of  IIei'»che1.  In  tlie 
climate  of  England,  he  could  make  only  very  im|>erfeot  obeer- 
valions  of  thc«o  bodice;  but  in  1852  lie  moved  his  tcleaoope 
lemporarily  to  Malta,  to  lake  advantage  of  ihc  purer  sky  of 
that  latitude,  and  there  he  iiucoe«rIed  in  determining  tlictr  or- 
bits with  couKiderablo  accui-acy.  Tlieir  times  of  revolution 
are  about  2^  and  4  dnv*  ro«iHictivcly.     They  may  fairly  bo 


■  Thnia  dilGQiiti  otgwu  itera  alw  aoDghi  fir  bv  Oiio  Siruve  with  tti*  fiftetn- 
Inrh  leletTOpe  of  ilie  fuikown  Olitcnntory.  nnd  occfliionnl  allmiitm  nf  ihcm  nerft 
hs  tifllio»e.l,  niwitiej  helore  llioy  nora  certninlr  found  hr  Mr.  I^ttcll,  but  lie  m^ 
■ul  abl«  10  follow  lliBin  lu  cciiliiiuuiulv  a>  lo  Ox  upon  tholr  liiuu  of  ivralntk^ 


VBAXUa  AND  /ra  8JTEIUTSS. 


305 


regarded  &a  the  mmt  diflicult  known  objects  in  llio  pknelar; 
■^teui;  iudi'vd,  it  ie  only  with  a  few  uf  ilio  mixt  jtuverfiil 
'totoKopes  ID  cxidU'nuc  that  they  Iinvc  certainly  hucii  e«vt). 

The  noil -existence  of  llefseliers  siiapccted  satellites  i»  |ii-iivQd 
by  the  fact  that  thuy  have  bcuii  eoiiglit  for  in  vain,  both  with 
]hlr.  IjuucH'a  great  i-cflociors  and  with  iho  Washiiiftton  twen- 
ty-«ix-iiich  refractor,  all  of  which  are  optically  more  jioworfnl 
t}ian  tliu  tcIoetopCB  of  iluracli(.-l.  Tliero  iiiay  he  additional 
ealellilLii  wiiicli  have  uut  yet  he«n  discovered  ;  but  if  en,  diey 
iDiL-it  he  too  faint  to  have  been  reuognir^d  by  IIcivctii'1.  Pro- 
fessor Uolden,  of  the  Naval  Observatory,  lias  eoitght  to  show 
tbiit  eoiiiQ  of  Ilci'schcl'fl  ubservatioiiB  of  his  EUjijioscd  inner  eat- 
oUilw  were  really  gliiii])««»  of  the  objecla  afterwards  diswv- 
ored  by  Mr.  T.aAi)el1.  This  he  has  done  by  calculating  thv  {lo- 
Bitions  of  tli(»c  inner  EalcUiteit  from  tables  for  the  date  of 
each  of  llei'sch«rs  ob»crvnlion«,  and  cuiTijiann;;  them  with  the 
|>oaitioQ  of  the  object  noted  by  Hersdiel.  In  fonr  c-asr^,  the 
agroemout  is  siiQiciuutly  close  to  warrant  tlio  belief  that  Uer- 
eeliel  actually  saw  the  rt-al  EnlcUitc«;  but  Mr.  Lassoll  attribntea 
theeo  ooiiioideiiciw  to  diunoc,  and  contv^lA  Profc«»or  lioldcn'e 
viewe. 

Tlic  iiioftt  remark-able  peculiarity  of  the  satellites  of  ['mniia 
is  the  great  inclination  of  their  orbit«  to  tlic  ecliptic.  Instead 
of  bein;;  inclined  to  it  nt  femall  angles,  like  the  orbits  of  all 
the  other  pinnctii  and  aatellilOs,  they  are  nearly  perpendicular 
to  it ;  indeed,  in  a  gentnetrical  eonM>,  they  arc  more  than  per- 
pendicular, because  the  direction  of  the  motion  of  the  Mttel- 
lites  in  tlieir  orbits  i«  retrofimflo.  To  change  the  position  of 
the  orbit  of  an  ordinary  satellite  into  that  of  the  orbits  of 
thcto  (Btellitcs,  it  would  Imvo  to  bo  lipijcd  over  100°;  no  that, 
awpiMwing  the  orbit  «  horizontal  plane,  the  point  correspMid 
ing  bo  the  wjnith  would  be  10°  Iwlow  the  horiajii,  and  the  up- 
[Wr  enrfaco  would  bo  inclined  boyond  the  peri)6ndicular,tF0  as 
to  be  tlio  lower  of  the  two  cnrfaucs. 

Observations  of  the  satellites  afford  the  only  accurate  way 
of  determining  the  mam  of  Uranus;  bccauHCof  the  adjoining 
planet*,  Satm-n  and  Neptimc.  the  observatioue  of  the  &nt  am 
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too  uiioertain  and  those  of  the  last  too  recent  to  give  aoy  oer 
tain  rceiilL  Huusuixs  iiiiuJc  wiUt  tlio  great  Wseliingtou  tulo 
icope  >l)ow  tliU  mass  to  be  ^ninFi  *  rceult  whivh  i«  probably 
correct  nithiu  -^  part  of  its  vrliole  aiiiaiiut.* 

§  8.  Nepliine  and  its  SaktliU, 

T!ie  dUcnvery  of  tliis  plaiiet  u  dne  to  one  of  the  boldest  and 
must  brilliant  coiieii|)tiuiis  of  modorn  astronomy.  Tlie  planet 
WAA  felt,  aft  it  were,  by  itfi  attraction  wpon  Umuiis;  atid  )(«  di- 
retlion  was  tlms  catoulatvd  by  tlie  tlioory  of  grnvitatioti  before 
it  bud  l)t.'L-ii  n'uu«riized  by  tliu  tcluet^oiw.  An  obeorvcr  was 
told  tbat  if  be  pointed  hia  telescxipc  towards  a  (icrtaia  point  in 
the  lieaveiis,  bo  would  nee  a  new  planet,  fie  looked,  and  there 
vas  tbv  planul.  witbiu  a  dc^roo  of  tlic  calculated  place.  It  is 
difficult  lo  inin^inc  a  ii)oi«  «triking  ilbitttiiitioii  of  ttio  certain- 
ty of  that  branch  of  astronomy  ubich  (reals  of  tlie  iiiotioiiii  of 
the  heavenly  bodies  and  is  founded  on  tlie  tlicory  of  gi«vi- 
tat  ion. 

To  describe  the  resoarubca  u-bitrli  led  to  llii«  rtwiill,  wo  sliall 
have  to  go  back  to  1S20.  In  thiit  year,  Boiivard,  of  Pnria, 
pi-eparcd  improved  tables  of  Jupiter,  Saturn,  and  UranuB, 
which,  althoir^h  now  very  imporfect,  have  forniud  the  l>ii«is  of 
moi't  of  the  calculations  since  made  on  tiic  'noliona  of  ihom 
bodies.  Ho  found  that  while  iJie  motions  of  Jnpitor  and  Sat- 
ui-ti  were  fairly  in  accord  with  thu  theory  of  gravitation,  it 
U'as  not  so  vvilli  those  of  Uranns.  After  allowing  for  the  )ier> 
turbationis  produced  by  the  known  ptaiieta,  it  was  )in]K)6Btblo 
to  find  any  orbit  wliicli  wmild  satisfy  both  the  iincicnt  and  tlw 
recent  observations  of  Uranns.  By  tlie  ambient  obeervaiiuiH 
wa  mean  those  accidental  ncs  made  by  Fiaiiisteed,  Lo  Mon- 
Dicr,  and  others,  before  the  planetary  chai-iictvr  of  the  object 
was  suspected;  and  by  the  recent  ones,  thoao  made  after  tlio 
discovery  of  the  planet  by  llorschcl,  in  1781.  Douvard.  tliere- 
fore,  i-cjeelcd  the  older  ob^crvationi^  founding  Iiih  tables  on  the 
modern  ones  alone;  and  leaving  to  futui'e  iavc»tigatora  the 
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^leetian  whether  the  JiffictiUy  of  ivconciliiig  tho  two  sreteme 
from  tilt-  iiiuvotiiiiey  of  l\w.  nticieiit  ubscrvntioiiR,  or  from 
the  nction  of  some  extnmeons  itifliiciic-e  upon  tho  pIniieL 

Oiil<r  a  few  veal's  eta|«e(),  whoii  tho  planet  bi'^ti  to  deviate 

fruiii  the  tublcs  of  Iknivni-d.     In  ISftO  the  error  niiioniitcil  to 

80";   i(i   ISW,  to  OO';   in  1844,  lo  i".     From  a  jion-Rstix>- 

numical  [wint  of  view,  tliceo  deviations  were  vcrv  minute 

iiad  two  i>tHr»  moved  in  tlio  iM-nvciiii.  rliu  one  in  the  plaee 

^■of  l)ie  real  planet,  the  other  in  tlmt  of  ttio  cnlcninted  planet, 

^ft^wonld  have  hceii  an   ovo  of  wutiderful   kecnuoM  which 

^H^M  liavo  diiitiitgiii^hfd  the  two  from  ii  «tni^h>  star,  c^'V1)  in 

Hl844.      Kilt,  mngttitied   I'y  tho  ttdesiiope,  it  is  a  large  niid 

^^  easily  tneasiirablu  qnantity,  not  for  a  moment  to  he  ni-ffk-et- 

e<l.     The  prohithle  eJiuKi  of  lh«  deviatiuii  was  itometimefl  a 

iubjevt  of  dific-uflftion  anionic  aatitjiioinera,  bnt  no  very  deHnito 

views  reepouliiig  it  seem  to  have  been  entertained,  nor  did 

«ny  Olio  expreiM  tlte  detided  opinion  that  it  wua  to  be  attril)- 

I tiled  to  A  trnnA-Uraiiiati  planet,  nntnral  as  it  seems  to  ns  such 
an  npinioii  would  have  been. 
Ill  1845,  Amgo  advised  liis  then  yonng  and  unknown  friend 
Le\-eiTicr,  whom  he  knew  tn  be  an  able  mnilicmati<nan  and 
an  e](|)eTt  eompnter,  to  inMr^tigalc  the  enbje<!t.  of  the  motions 
of  L'ranns.  lA-vurrier  at  onee  sot  abont  the  task  in  tho  most 
ty«tcinalic  manner.  The  tii-«t  »tep  wa«  to  make  «nre  that  the 
deviations  did  not  arise  from  ermis  in  UonvardV  theory  and 
ktablce;  ho  therefore  C(imii:enee'l  with  a  earefnl  rceompntatioii 
of  the  |)<:f1iirbation«  of  L'ranim  prodnecd  by  Jnpiter  and  Sa^ 
nni,  and  a  ci'itieal  etaminntion  of  the  table.i.  The  result  wav 
llio  discovery  of  many  small  crtMrs  in  the  tables,  which,  liow- 

fcvcr,  wero  not  of  a  ehtirneter  to  give  ri«o  to  the  observed  do- 
riaiioTiR. 
The  next  question  was  whether  any  orbit  cotdd  he  assigned 
whiuh,  ufler  iiiukin;;  nllowaiico  for  tho  action  of  Jnpitor  and 
Satnni,  would  rppre*ent.  the  modern  oltscrvations.  The  an* 
twer  wa«  in  tho  negative,  tho  best  orbit  deviaiing,  tirst  on  one 
tide  and  llten  on  the  other,  by  anionnt«  too  great  to  bo  atlrili- 
Dtcd  to  errors  of  obscr^atiIlll.  Siijijiosiiig  the  dsviatioiis  tu  be 
It  95 
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due  to  tliQ  attraction  of  some  nnknowii  planet,  Lo\~erner  next 
inquired  wlierc  tliia  planet  mtiiit  be  tituaicd.  It«  orbit  ooiild 
not  lie  between  tliose  of  Ssliini  and  Urnniis,  Itecaiiso  titen  it 
would  disturb  tlio  motions  of  Satnrn  as  well  as  tliosc  of  Uraiinf. 
Outaidc  of  Umnri6,  ttiorcforc,  lli«  )iUinvt  inii«i  lie  looked  for, 
and  ]>mbab1y  at  not  far  from  double  tito  dioiance  of  that 
body ;  this  boiiig  the  di^tanw  iiidicstcd  hy  ilw  Inw  of  Tititi& 
Complete  clcmviiu  of  lli«  orbit  of  tlic  nnteen  planet  vnn 
linallv  dodiiued,  ninkinj;  its  longitude  3Si^  as.  Ken  from  tlie 
cartli  at  tiio  bo^iiuing  uf  1H7.  Tbi«  conclitsion  was  reached 
in  the  »nmnior  of  IS46. 

leverner  was  not  alone  in  reaching  tbiu  reAull.  In  IS43, 
Mr.  John  C,  Adams,  tbon  a  student  at  Camhridgo  Universilv, 
Eiiglnnd,  having  learned  of  the  dtscnrdmiec*  in  the  tlieorv  of 
Urauiifl  fittm  a  reirart  r>f  ProfeMXH'  Airv,  atlaeked  the  mme 
problem  whi<:h  Ixiverrier  imik  hold  of  two  yeai%  later.  In 
Ootobcr,  1S45,  he  comumiiicalcd  to  Profoseor  Airj-  elements 
of  tlio  ])hinet»o  ncur  tho  tnilh  that,  if  n  «can.-li  hud  been  made 
u'ilh  A  litrgc  te1a<«eo|>c  in  the  direction  indicated,  the  planet 
conid  hni-dly  have  failed  to  bo  found.  The  Astronomer  Iloval 
was,  however,  soincwhat  luercdnloii^,  and  deferred  his  search 
for  further  explanations  fiom  Mr.  Adams,  whieli,  from  »otne 
miexplaitied  luiuse,  he  did  not  rooeire.  Mwiwhilu  tlic  planet, 
whivli  had  been  in  oppositiun  about  the  middle  of  Aii<nist, 
vn»  loHt  in  the  rav»  of  the  sun,  and  eniild  not  be  seen  licforu 
the  following  summer.  A  most  exti-aordinarjr  eii'cumstauise 
was  that  nothing;  was  imuicdtntcly  publi»hcd  on  tlic  eiibjuut  uf 
ilr,  Adaiuit'ii  laboni,  and  no  effort  made  to  sceure  hifi  Hj^ht  to 
tpriority,  althougli  in  reality  liis  rceenrehcs  preceded  those  of 
Leverrier  by  nearly  a  yiiir. 

In  the  flutnmer  of  l!H6,  M.  T^verrier's  elements  appeared, 
and  tlie  eoioeidonce  of  his  results  with  thoge  of  Mr.  jVdams 
was  so  strikin,!;,  that  Pi-ufcii^or  CiutUis,  of  the  Cambridge  OIk 
tor^ntory,  vonnnenced  a  vigorous  searc;h  for  tJie  planet.  Un- 
fortunately, he  adopted  a  mode  of  search  which,  althongh  it 
mntle  the  discovery  of  the  planot  certain,  was  extremely  la- 
buriou«.     Instead  of  endeavoring  to  recof!:ni7.e  it  by  it8  dh\. 


io  delect  it  l\v  its  motion  nnioiig  ttic  stan  —  ■ 
tsonno  vMdi  required  alt  tlio  stars  in  tite  iieigliborliood  to 
IiBvu   tlioir   {Ktsilioiis    r(;pi.'at(»dly   (iL-toniiiiiod,  so   as   to    find 

B  ttliicli  of  them  had  changed  ita  i>o>itio)i.      Obtorvntiuns  of 

'  the  {ilanet  as  a  star  woi-e  acluuUy  mnde  on  Augnet  4tli,  1810, 
and  ngain  on  Aiigiwt  12th;  but  (hoH!  ubgcnatious,  owing  to 

B  Mr.  (JhaUts*8  oilier  eiigagementii,  were  not  n-diicttd,  and  to  tlie 
fact  that  the  planet  uas  obeotvcd  did  not  aii)>ear.  His  mode 
of  pniceodiiig  was  niiiuh  like  that  of  a  man  who,  knowing  that 

B  a  diamond  liad  dnippud  neai'  a  certain  »iioc  on  llio  «ca-bcncb, 
khoiild  remove  all  llie  sand  in  the  ncighlwrhood  to  a  conven* 
ient  place  for  the  piirpDEe   of  siftin-;  it  at  bift  liMeiira,  and 

Bebould  thus  have  the  diantond  actually  in  hit  poateaaiun  wttb- 
out  bfini;  able  lo  lecogiiijie  it. 

Early  in  September,  1846,  while  Professor  ChalUa  was  still 

■  workinj^  away  at  his  obtci'vationH,  entirely  inieomteioiui  that 
Iho  great  object  of  Aenrcb  was  secmvly  impriisoncd  in  t!io  iK>n- 
cilled  tigurcs  of  bis  note-book,  Leverritr  wi-ote  to  ih:  Galle,  at 
Uerlin,  sng^ting  tliat  lie  ehonld  ti'y  to  find  the  planet.  It 
liappcned  that  a  nnip  of  the  litara  in  the  region  occupiod  by 
the  planet  wan  jiiftt  completed,  and  on  pointing  tlio  tclcecopo 
of  tlie  Itcrlin  Obeei-vatory,  Galle  soon  fonnd  an  object  which 
had  a  plaiR'lary  diifk,  and  was  not  oti  the  star  map.  Its  posi- 
tion viM  carefully  (lelorinined,  und  on  the  nif;1it  following  it 
was  reexamined,  and  fonnd  to  have  changed  itA  place  among 
the  stars.  No  fnrllicr  doubt  could  exist  that  tlic  long-sought- 
for  planet  wait  fuund.  The  date  of  the  oj)licHl  discovery  was 
September  23d,  184t>.  The  news  reac-lied  Profevsor  CtinlHg 
October  let,  and,  looking  into  his  note-book,  he  fonnd  his  own 
observations  of  the  planet,  mado  nearly  two  months  befort^. 

As  between  Leverrier  and  AdaniA,  the  teebnieal  right  of 
priority  in  ihis  wonderful  investigation  lay  witli  leverrier,  al- 
thongh  Adams  had  preceded  him  by  nearly  a  year,  for  ttio 
doable  reason  that  the  latter  did  not  publish  hia  reanlia  before 
the  disoovery  of  the  planet,  and  that  it  was  by  tlie  direclions 
of  I^ierricr  to  Br.  Gh''c  that  the  iiclnal  diecovory  was  made. 
But  this  does  not  diminish  the  credit  due  to  ]SJr.  Adams  fat 
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bis  boldiins  in  nttackinir,  siiJ  liia  skill  in  succce«f iill^  eoUnng^, 
CO  iiobtc  A  problem.  Tlie  ^m-'n  of  inie  science  is  iidvikiiciiig 
to  A  stage  ill  wbivli  con[«st6  nboiit  priority  are  looked  n\ton  as 
lielow  its  diij^iitv.  Discovci'ii»  ato  iiiiulu  for  tlio  boiiufit  of 
nimikiiiil;  aikI  if  made  i:ido]»eiidciitly  by  scverAl  poi-son»,it  it 
titling  tliat  cJK-h  diould  receive  till  the  credit  dnc  to  snccesa  iu 
mAking  it.  We  dioiild  uoiisidor  Mr.  AdAttig  as  ontitlvd  to  liio 
eamc  imqtmlilied  admiraiion  whteli  in.  due  to  n  sole  dJMrovcrer ; 
Aiid  wimtcver  elaiias  to  priority  Itc  may  have  lost  by  tlio  inoro 
fortUDAtB  Lovtrricr  wilt  bo  uomponsated  by  tlw  eympntliy 
which  iiin»t  ever  bo  felt  touttrds  the  lAleiitcd  young  stiidotit 
in  his  fAiliire  to  secure  for  his  work  that  imincdiuto  publicity 
n-hich  vrnfi  due  to  its  interest  and  impoilance. 

T!ie  <li*(:*>icry  of  Nvptmie  ijiivc  rise  to  &  eciice  of  rcecnrcli- 
<•$,  in  wliioli  AineriL-an  A^itronotncrs  took  n  diMiinj^ni^licd  jmit. 
One  of  the  lirst  fiiiestions  to  be  considci-ed  was  ivlietlicr  tliu 
planet  had,  like  Uranus,  been  observod  as  a  etar  by  Boine  pre- 
viuiis  iLstronumcr.  This  question  woa  taken  up  by  Mr.  Seara  C 
Walker,  of  the  NavrI  Obsenntory.  A  few  moiilli»'  obttcrvA. 
tion  enfliccd  to  show  that  tlio  <listance  of  tbo  planet  fmiii  itie 
BUM  was  not  far  from  30  (tlio  distAiico  of  tlio  earth  boiitg, »:» 
Uftu&l,  unity),  uiKl,ns»iiniing  a  uircidAi-  orbit,  ho  computed  tlie 
AppiY>xinmtc  phico  of  the  planet  in  past  yearA.  lie  traced  its 
i-oiu-se  bai-k  fi-oiti  year  to  year  in  oi-der  to  find  ivhether  at  any 
tiniB  it  pasficd  tlimngh  a  region  which  was  at  the  same  timo 
lieing  Bwcpt  by  the  tolesco]>e8  of  ob»er*'ci-»  ongapvd  in  prepar- 
ing cAtalogues  of  »tAre.  lie  was  not  siiceaasful  till  he  miehpd 
the  year  1795.  On  iho  Stli  and  10th  of  May  of  llmt  year, 
LaUnde,  of  pAris,  had  8wc[>t  ovei"  ttie  place  of  the  planot.  It 
must  now  be  decided  whether  any  of  the  stai-s  ol)6<eTred  on 
thow  night«  cotdd  havo  been  Noptnue.  Altliougli  the  exact 
place  of  the  planet  could  not  yet  l>e  fixed  for  an  p]mh:1i  so 
remote,  it  was  easy  to  mark  out  the  a])parent  position  of  it» 
orbit  as  a  line  among  the  stars,  and  it  must  then  have  been 
»omewhero  on  that  line.  After  Diking  out  the  stars  wbidt 
were  too  far  from  the  line,  and  those  whidi  had  been  »oen  by 
eubitcqucnt  observers,  tlicre  rcmaiued  one,  observed  on  Mhj 


I 


lOtli,  wliicli  vra*  very  near  tlH^  i-on)])nto(l  orliit,  Wnlkor  ni 
Mice  ventured  nii  ilie  bolil  [>i-C()ii:limi  tluil  if  tills  region  »t 
tlio  licavviis  wore  exaiiniied  with  a  tol«svope,  t/utl  tlar  would 
bo  fuiiiid  iiii««iii(;.  Ill'  coiriniiinienled  iIhg  npiiiioii  ofKuiallv 
lu  LietilciiHiit  Mikury  ntid  rtI|l<^^  K-ifiitil'ic  idl-ii  iit  Waiiliiiigiun, 
niid  flsked  that  tlte  search  ini^hl  lie  made.  Oii  the  tirsr  cleit; 
evutiiii^  the  fxiiininaliuii  nius  iiiudu  hy  Profuetjor  llxbliard, 
Slid,  siirely  cnuii^li,  tlie  ntnr  vva.'t  m^t  tliiti'C. 

There  wss,  however,  one  weak  jKiiiit  in  the  eoncUi^ion  ihnt 

;mu  i-eiilly  liic  pkuft  Nc'iitiine.     Lidaiido  had  marked  his 

HBtion  of  llie  nii»iiig  tUnr  witli  n  colon,  lo  indicate  llmt 

vae  a  doubt  of  its  accuracy:  Iherefom  it  was  ))0!U.il)1e 

it  the  ivc-on)  uf  the  i^iiji^HML-d  Ktar  might  have  been  the  aim- 
i-Miilt  «jf  iwiiiie  error  of  obBervutioEi.  Iltt]){>ily,tbo  or!;,'Iual 
inaiiiiscri[>ls  of  Lahinde  were  carefully  preserved  at  the  Paris 
01««rvatory;  ami  tu,  soon  as  the  iiew»  of  Walker's  rescarclies 
KHuhvd  thill  city  nu  oxninination  of  the  observations  i>t  May 
8lh  and  luth,  1795,  was  entered  upon.  The  extrnoi-dinary  diA- 
e^very  was  inailu  that  there  was  no  mark  of  itiicerlaJniy  in  the 
orli^inul  n-uord,  bnl  (hat  Litaiidc  liml  olMcrvcd  the  j>l»tivL  both 
on  tlie  81I1  and  10th  of  May.  The  object  having  moved  ttliglii- 
Ij  dnrini;  the  two  ilays'  interval,  the  olwcrvations  did  not 
■giee;  and  Lalaiide  enii|)uM-d  that  one  of  them  must  bo  wrong, 
eutiroly  nucoiMcious  that  in  tlrnt  little  di^ercpancy  lay  a  di«- 
frovery  whii'li  wfinid  have  made  his  iiniiie  iniinorlnl.  Witlimit 
further  examinntionJiD  liad  rojcetcd  tbe  firet  observation,  and 
vopied  tlic  MCutid  a*  doubtful  on  ncronnt  of  the  diAcrcpniicy, 
ftnd  H\ut  the  i)earl  of  ;nvat  price  was  dropped,  not  to  bo 
foand  again  till  a  lialf-eeiitnry  bad  elapsed. 

For  several  yuare  the  investigation  of  ihc  motion  of  the  new 
planet  was  left  in  the  bandii  of  Mr.  Walker  and  Professor 
Peirc<-.  The  latter  was  tlio  firet  one  to  compute  tlio  portnrliB- 
tions  of  Neptune  prodiii%d  by  the  Action  of  the  otiior  planela. 
The  r(«nltit  of  llieso  eonipntatiniis,  lo;5ether  with  Mr,  Walk- 
er's elements,  are  given  in  the  Proceedings  of  the  Americau 
Aeademy  of  Arts  and  Sctoncca. 

Pk^tkcd  AspKt  (^'Xejttum. — On  tlie  pliysieal  appearance  of 
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t]ii»  pinnct  \Qry  little  van  be  said.  In  tli«  largest  telnoopei 
and  tlirough  the  finest  Btmosjiliciv,  it  jire&ente  tlio  appcnrauca 
of  a  ]>erfoct]y  round  disk  about  3"  in  diameter,  of  a  [<alc-bli)8 
color.  No  markingii  Imve  been  seen  upon  it.  When  first 
ftcon  by  Mi'.  I.aB6el1,  Iio  inspected  a  ring,  or  some  sitcli  append- 
age; bat  futiiru  ubacrvationi>  imdcr  itioro  favorable  circnio- 
BtaDcet  Bliowtfd  tlits  »ii«pic-ion  to  be  witlioitt  foundstion.  To 
recognize  the  (iii>l<  of  Neptnnc  with  eaae,  a  nia^iifving  power 
of  300  or  npwai-ds  must  be  cmpluyi-d. 

Kiirlliit:  of  Xr/'Ui'ir. — Soon  after  tlio  di*coverj"  of  Neplmic, 
iblr.  l.asieil,  ourutinizing  it  witli  Iiia  two- foot  reHcctor,  saw  oti 
various  occasions  a  point  of  light  in  the  neighborhood.  Dar- 
ing the  following  j'cnr  it  prowd  to  be  a  »ittv1lile,  Imving  a  |)0- 
I'iod  of  rcvulntion  of  about  5  dftv»  21  hotir».  During  184T 
and  1548  tlie  Eatellilo  wsa  observed,  both  at  Cambridge  by  the 
Me»$n-.  Bond,  mid  at  Pnlkowa  by  Slruvu.  ThcM  ob«crvations 
i-liowod  tbnt  iiM  orbit  wnn  iitdtncd  about  30*^  to  tltc  colii^lic. 
lint  it  was  impoMible  to  decide  in  which  direction  it  wan  tuor* 
iug,  sint-e  tlioro  were  two  popitione  of  tlic  orbit,  and  two  di- 
rect ii'iis  of  motion,  in  winch  tlio  appmcnt  motion, as  seen  from 
tlie  cart]),  wotdd  be  the  »iuiie.  After  a  few  n'ars  the  change 
in  tlio  direL-tion  of  tlio  planet  enabled  this  qneRtion  to  b«  de- 
cided, and  sliuwvd  tliat  ihu  motion  n-as  retrograde.  Tlie  rase 
was  more  extmoi-dinary  than  lliat  of  the  Mtcllitcc  of  Uranus, 
(liDea,to  represent  botli  the  pusition  of  tlie  orbit  and  the  di- 
TOCtion  of  motion  in  the  ii»nal  way.  the  orbit  would  have  to  tie 
tipped  over  160*;  it  is,  in  fact,  nearly  iip»ide  down.  The  do* 
Icrminations  of  the  elymenls  of  the  SHtellitc  have  been  ex- 
tremely di>cordant,  a  cii'ciiitielanoc  which  wo  must  attribute 
to  its  o.xtromo  faintnese.  It  ig  a  inLnnle  object,  even  in  Uie 
most  powerful  toleEcop(?s. 

Measui'c^  of  the  di^iancu  of  the  satellite  fram  the  pUnetj 
made  witli  the  great  Washington  telciicoix),  fthow  tho  mew  of 
Xoptimo  to  ho  TiriTTr-  The  mass  deduced  from  the  porturbn- 
tions  of  Ui-anns  is  Trrinr' '"'  agrccnii'iit  as  good  as  could  he 
expected  in  a  t^nuniity  so  ditlicnli  to  dctcrinims. 


jaeecTa  asd  fobjus  or  comets. 
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COUET8   AKD   lIKTBOlCfi. 

%  1.  Afpv-ls  and  Fornia  of  OomtU. 

celesliiil  iiiotioTis  wlik-li  n-e  liave  liitlterto  dc«rribcd 

take  place  witli  a  majuetic  uniformity  whidi  lias  alwa^iti  irii< 

preoed  tlie  inind«  of  iiicii  wiili  n  seme  of  the  iinchaiii^-nblo- 

I  ne«A  of  (be  heavens.    But  tlii^  nniformily  I'li  nn  some  o);<-nnioii« 

[broken  by  this  uppni-hioii  of  objects  of  an  extraoixiiiiaiv  as- 

,  which  hover  iii  llie  beaveiid  for  a  few  da;-*  or  wi't-'k;!,  like 

'^■Qtne  en  [w  ma  I  oral  visitor,  and  then  dieniipenr.     We  refer  to 
comete. boOit-8  whicli  have  buoii  kiiouii  from  the  varliest  times, 
Hbiit  of  which  ihc  nattiiv  i»  not  yet  deprived  of  rimtcry. 

Coiiietin  (ti'ight  enough  to  bo  noticed  iritli  tlie  imked  cyo 

coiiHiHt  of  ibi«e  parte,  wliieh,  however,  arc  not  com])lploly  dit>- 

tinct,  but  run  into  eacth  other  by  ineoneible  dcgn-cs^     These 

are  the  nucUta,  die  txmift,  and  the  tail. 

Tlic  nticUiui  is  the  briglit  t-ciiri*  wliirh  to  the  eye  presents 

■  the  appeamnce  of  an  ordinary  Ktar  or  planet.     It  would  liai-d- 

ly  e\cito  remark  bnt  for  the  coma  and  tail  by  whicli  it  i*  au- 

com|»tiied. 

H    The  coma  (which  is  Latin  for  hnir)  is  a  mass  of  L-londy  or 

Taporoiia  ap[>carancL<.  which  Hnri-otiiidfi  the  niiden*  oii  nil  nide*. 

Next  to  the  niiuleiif,  it  i#  *a  brii;ht  a-t  to  be  tinrdly  di9.|iTlL!l■i:^h• 

able  from  it,  hnt  it  gradnally  ebadee  off  in  every  dii-eution. 

Knclena  and  coma  coinbined  prci^ont  tlic  appcaraiKro  of  a  einr, 

more  or  \am  bright,  thining  through  a  uniall  patcli  of  fug,  mid 

are  together  called  the  hend  of  tlie  comet. 

The  tail  ii(  a  continuatioti  of  (he  coma,  and  oonsicU  of  n 
•tream  of  milky  l:f;ht,  giv>win<r  wider  and  fainter  as  it  reeedesi 
from  tlie  comet,  nntil  the  eye  t-An  no  longer  travo  it.    A  ciiri- 
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ODD  fvatiirv,  noticed  from  tlic  carlieit  Hinw,  is  tlint  th«  lail  \i 
iilu'ftj'Jt  iiirned  fivin  tlie  sun.  Tlio  extent  of  ilic  tiiil  ii  tery 
different  in  diffei-unt  i-onict^  llmt  ni)|iuni)a^  bein^  brigltler 
nnd  lunger  tlic  nioiv  brilliunt  the  voiiiot.  !Sunieiiine»  Jl  mi<;lit 
fliinottt  esfRiie  notite,  wliile  in  ninny  gi«(it  oonicU  rcoDrdcd  in 
history  it  has  extendt-d  Iinlf-way  aui-uts  llio  heavens.  Tlio 
nc1:ial  lun<;tli.  whui  un«  i»  wen  at  all,  is  iieiirly  nlwnye  ninny 
millions  of  niilc^  Soinetiroee,  thon);h  rarely,  the  liiil  of  l)io 
vuniet  is  split  n|i  into  sevmBi  hrancltis,  extending  wit  in 
eliglitly  different  directions.. 

■Buuh  ia  the  funeral  a|>]>earnneu  of  a  comet  visible  to  l)io 
iiaked  eye.  Wlioii  the  i)C'n\eus  woiw  iTarufuUy  Bwei*  nnlh  tcl- 
cecoiKK,  it  \\n«  foniid  ihiit  i-uinel*  tints  visible  fomied  but  s 
eiiinll  fmulion  of  tlie  whole  ntnnber.  If  n  diligent  K>arvli  ii 
l;e|>t  ti)>,  an  ninny  (H>nicU  nro  eometinice  fuund  with  the  tele* 
BtM^a  in  a  ttinglu  year  n«  woiitd  lie  seen  in  a  lifetime  ivitli  the 
tniiiided  eye.  nio«c  "lelestroiiio  tajniets"  do  not  iilirays  pre- 
MHl  tlie  flame  a-iftecl  a»  thotie  »ix\\  witli  the  naked  eye.  The 
euina,  or  foj^  light,  generally  seems  to  be  devclojicd  at  the 
cx|)onse  of  thtf  nnvlcns  and  the  tail,  tjoinctiincfi  eilber  no 
nuclen»  nt  nil  cnu  be  hwm  witli  tlie  telosenjie,  or  it  i»  so  £iiiit 
and  ill-deRiicd  as  to  be  hardly  dtstingnishable.  In  tlio  cok^ 
of  Biitili  euinetis  it  is  i^'iierally  iinpostible  to  drftliiigiiiBh  tlte 
coma  frmii  the  tail,  tlie  latter  iK-iiig  either  enliivly  invisible, 
Of  only  an  elonj^tion  of  tlie  eurna.  Many  well-known  cotneU 
consist  of  liai-dly  Biiytbiiig  bnt  a  [}atub  of  fo^^  light  of  mora 
urIcM  invgnlar  form. 

Notwithstanding  iXiem  great  apparent  differeneefl  betwocti 
the  largo  comets  and  the  telescopid  one*,  yet,  when  we  close* 
ly  wutcli  their  i-e^pective  mode*  of  devi-lopuienl,  wu  liiid  tliem 
h11  to  belong  to  one  claae.  The  differences  are  like  thoee  l>e> 
t\vecn  some  animals,  which,  to  Uie  ordtnary  liwlicr-oii,  lia™ 
nolliiug  in  common,  bnt  in  wliieh  the  zuoli>^i»t  »cc«  that  every 
pail  of  the  one  has  \\a  eonnlerpart  in  tlie  oilier — indeed,  the 
analogy  between  what  the  astronomer  sees  in  the  gpowtli  of 
oonii'tfi  and  Ilio  xoologist  in  the  growth  uf  niiimaU  is  (|.nte 
WortJiy  of  rpinnrk.     As  a  general  nilo,  all  comets  look  nearlj 


J 


slike  wlicn  llicy  firet  coiiie  witliin  iv'wcli  of  tliu  tolc«coi)o.  tha 
RUtieu^tieiit  (iiversitiee  arising  from  lli«  diflurcnt  Oove  lupin  cum 
<f  correepoiidiiig  jMirti!,  Tlic  firfct  sppoai-niioo  b  tliat  of  it  lit- 
tle foggy  |i(iii;li  withonl  any  tiiil,  miil  very  tiittii  witliout  aitv 
vuibic  iHiuluiiB.  Thus,  in  tlic  case  yf  Doiinti »  cfniiet  of  1S58, 
one  of  tlic  intiiit  ^ijliindid  oti  rocord,  it  wiu  moi^  tlisn  two 
montli*  after  tlie  lit«t  discovery  before  tlicre  was  any  iitiioai- 
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tuioo  oi  a  tail.  To  onatile  die  rmder  to  Boe  tlio  roiation  ol 
tliis  to  a  vcrv  diftiised  tolctvoiiic  (!Otii«t,  wc  prcient  a  tolotcopie 
view  of  tlic  liead  of  tliis  great  comet  when  near  ita  bi'i^lttut, 
and  tlircc!  drawinj^  of  Eocke's  coirict,  uiado  by  Di".  Vogi-I,  in 
NovcmWr  mid  Itect'iiiliiT,  1871. 

Wlien  the  iiiivleuB  of  a  telescopic  comot  bejjiiw  to  tthow  It- 
3cH  it  is  coiiiiiiouly  on  tlio  sido  fartbcst  from  the  sim.  Sev- 
cniw  little  brniiclieii  will  llicii  be  scon  stretched  out  iti  tito  di- 
rection of  tlio  aun,  eo  that  it  will  ap|>enr  as  if  the  coinct  luu] 
a  email  fan-«hft]>cd  tail  directed  touitrds  the  eiiii,  iitstcail  of 
fi-om  it,  (lA  \f>  usual.  Thus,  in  tIto  picture*  of  Kticko'»  coniot 
in  Figs.  1  and  3,  the  eun  is  ton-ai-da  the  left,  and  wn  sec  wltot 


Kio.  ill llt"il  "I  Diiuulr*  fn-r<\  C"ii»1  of  IW*.  lOrr  ll.inil, 

looks  liko  tlireu  little  Inil^  the  middle  onu  puiuicd  towards  the 
run.  Rut  if  we  look  at  tlio  view  of  Doiiali's  comet.  Fig.  ill, 
WD  eoo  Bc\x>ral  little  lintM  biimdiiiig  upwards  from  the  nentre 
of  the  hend,  and  it  i^  In  tha^e,  and  not  to  the  tail,  tbut  the  lit- 
lie  tails  in  the  figui-es  of  Encko's  comet  correspond.  In  fact, 
the  general  rule  w  that  tlic  hcadit  of  comets  have  a  fan-diaped 
ftructiiro,  the  handle  of  the  fan  being  in  the  nnoleus,and  tho 
middle  arm  pointing  towards  the  enn ;  and  it  is  this  append- 
aec  whicii  fii-st  shows  it«clf. 

ia  tlie  larger  comets,  this  fan  is  surrounded  by  one  or  iiioro 
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ctiviilsr  arches,  or  onvolojit-H,  lliu  ihiior  one  funning  lU 
border;  but  tliis  ni-cli  doea  not  fllmvf  itAclf  in  very  faint 
eomet&  Tlio  true  tail  of  tlio  comot,  wlieti  it  appeal's,  u  itlw&je 
diroctod  fix>in  lliu  eiiii,  and  tlici'cfoi-c  away  from  the  fan.  in 
Fig.  90,  No.  3,  A  very  faint  true  tail  will  lio  snen  cxipndiiig 

iout  towards  tlie  lower  i-iglit-liaiid  corner  of  the  piutiirc,  wliicU 
voA  o]i)iui;itu  to  tlic  diraction  of  tho  Etui.  On  tlie  otiier  liand^ 
tiiungii  |]i<}  bmiiclics  inniud  towiudi*  the  etiii  have  dieapjii.'ared, 
tlie  fan-like  form  vait  still  be  U'aced  in  tlie  liead.  In  Fig.  01, 
tlif  rnie  tail  is  turned  downwards:  owing  to  tlie  large  snido  of 
tliu  [lifture,  oidy  llie  voniineiiceTiient  of  it  t-an  liu  tici.-ii.  Tlie 
cenlral  line  of  tlio  tail,  it  will  be  remarlced,  i«  comparatively 
darik.    This  is  vury  generally  tho  case  with  bright  cornels. 

1%  2.  Afotionx,  Orujin,  anil  yumUr  of  (hmftt. 
Wliun  it  wa«  fotind  by  Kei)k-r  iTiat  idl  Iliu  [tlanets  moved 
Bronnd  the  son  in  ooniu  eevlion.-),  and  when  Ncwioii  showed 
that  this  motion  was  tlio  nec-cssary  result  uf  tlie  gravitation  of 
the  |tlanttt£  towatds  thu  snn,  tho  ()nu£liou  natnnilly  ni'oeo  wheth- 
er L-<>tni>t«  niovL-d  accord  in;;  to  tliu  )>Hine  law.  It  wn«  fonnd  by 
Kcwtoti  that  llie  coiiiet  of  U'lHO  actually  did  move  in  siiuli  an 
orbit,  lint  intttead  of  bang,  like  the  planetary  orbits,  nearly 
eirvular.  it  was  very  ecceiitrii,',  being  to  nil  a]>pcui'anoi)  a  pa- 
Hkabola. 

A  jiaraholB  )>cing  one  of  the  orbits  whieh  gnvitation  wonhl 
cance  to  Iw  described,  it  was  thus  inado  certain  that  eoiiiets 
gravitated  towards  tlio  sun,  liko  planet^..  It  wa»,  however,  iin- 
pOMible  to  say  wlicllicr  the  orbit  was  really  a  ]inraboIa  or  a 
rory  elongated  elli))ec.  The  reason  of  tliis  dillicnlty  is  (hat 
coitiets  are  vieiblu  in  only  a  very  eniall  {^loniDii  uf  tlicir  orbits, 
quite  close  to  tliu  sun.  and  in  thi^  [Hirtiun  llie  forms  of  a  \>& 
laboln  and  of  a  very  cm^entric  olli{>se  are  so  nearly  the  Mniio, 
that  thov  cannot  alwavA  be  distinrniiMhod. 

Theiy;  in  lhi«  very  im^iortatitdifForoiKre  lietween  an  elliptical 
and  a  parabolic  orbit — tliat  tlie  fonncr  is  dosod  up,  and  a 
oomct  moving  In  it  ranst  como  back  eotiie  time,  whereas  the 
Ltwo  branches  of  tlie  Intlei-  extend  out  into  inibite  space  villi 
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oQl  ever  mcwttn^.  A  comet  moving  in  a  panbolic  orhit  will, 
tberoforc,  iicv<jr  return,  but,  iift«r  oiiw  ewecping  past  tlio  tan, 
will  eotitintic  to  rec-edo  into  intinito  S|wce  forever.  Tlic  Mimo 
tiiiii^  will  liapjien  if  tlio  comet  moves  in  an  li}-|x>i-bola,wLiub  ii 


ton 
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Fi(>.  M-PiiinbnUc  and  olllpcic  orbit  uf  n  corDM.    Tba  camrl  !■  tiivinlMr  in  thr  HollH  | 
at  llio  'irlilif.  itni]  ilip  r»nn>  i>r  llio  vl'llilr  (ittrl*.  a.  >>  eiiiunt  M  i)l*[iutal<>>>td  !■ 
tw>  orlillii.     Iliit  Iho  *)l1pw  f.,nB^  ■  rliwcil  cnntv  i*bl>i  LIi*  IKO  bwidn*  of  Ikt  | 
nlHila  r<Milliiu«  r>ii«v«r  wHi.DBt  mnllDf . 

the  tliii-(]  clnss  of  orbit  lltnt  niny  be  descrilK-d  omicr  iho  infln- 
on(!u  of  grsvilatim.  In  n  parnliola,  tiio  elightost  retai-dntion 
of  ft  comet  would  clmngo  tlio  orbit  into  an  clli)«e,  tito  veIo<'ity 
being  bnrelv  sufficient  to  cany  tlie  comet  off  forever,  wliercu 
in  an  Iirpeiliola  tliei-e  is  more  or  less  velocity  to  snare.  TliuB 
tlic  pambula  is  a  Gort  of  dividing  curve  between  tlie  liyjiurbota 
and  tlie  elltpeo. 

The  aatroiioiner,  Imowing  the  position  of  an  orbit,  can  teH 
oxActly  what  velocity  i«  ncceiwftrv  at  any  point  of  it  tu  order 
tliKt  u  body  moving  in  it  may  go  off,  never  to  return.  A  bod; 
throu-n  fi-om  the  earth's  surface  with  a  velocity  of  Mvon  tauoi 
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a  eecoiid,  and  not  rotsrdctl  l>y  tlio  Htmoaphere,  would  ncvef 
return  lo  tliv  ciirtli,  but  wuiild  duKUiibu  hoiiiu  sort  of  an  urbit 
round  [lio  bnti.  It  would,  in  fad,  be  n  little  plnnel.  If  tlio 
earth  wei-o  out  of  tli«  wav,  a  body  moving  irast  tlie  earllra 
orbit  at  tlic  rate  of  twvntr-six  initc«  a  eucond  would  bavo  just 
tlio  velocity  ncuessary  lo  d(Sfril>c  a  )>amboIa.  If  ilic  volocitjr 
of  a  ootnvt  exceeds  tliis  limit  at  that  |H>inl  of  its  urbit.  u-biub 
i»  92f  millions  of  miles  from  tho  Biin,  tlicn  tliu  comet  mnitt 
go  off  into  intinitc  8]>a(:e,  never  lo  rutnni  to  our  hv&Ioiii.  lint 
with  a  leas  velocity  tlie  comet  innst  be  brc>iij;lit  bairk  l>y  the 
sun's  attraction  at  «ome  f  iilnre  time,  tbe  time  being  longer  tho 
niuru  iiuirly  tlic  velocity  ix.-aulic«  twenty-six  mill's  [>cr  «c<;ond. 
Jt  i»  by  tlie  velocity  that  ttie  as^trononier  mnst,  in  gencnd,  de- 
termine the  form  of  tho  orbit.  If  it  corresponds  exat-lly  to 
tlic  ealcnlatcd  limit,  tlic  orbit  is  a  {tarnbola;  if  it  exceeds  tliit 
limit,  it  i«  Hii  hy{>crl>ola:  if  it  falU  sliort  of  it,  it  is  an  e11i|>M--. 

Xow,  in  the  lar^  majority  of  comets  the  velocity  is  so  near 
the  jiambolic  limit  that  it  is  not  possible  to  dccidu.  from  ob- 
isOTvations,  wbctlior  it  falls  short  of  it  or  exceeds  it.  In  llio 
ea.%  of  a  few  comets  the  observations  indicate  an  excess  ot 
velocity,  but  tlic  excess  is  so  minute  that  its  i-cality  cannot  bo 
contidently  asseited.  It  cannot,  thoroforo,  bo  said  with  cci^ 
tsiniy  that  any  known  cornel  revolves  in  a  Iiyi>ei'bolic  orbit, 
and  thus  it  is  jwasiblo  that  ail  comets  belong  to  our  system, 
am]  will  nltimatcly  rotnrn  to  it.  It  is,  however,  certain  tliaC 
in  tho  majority  of  cases  tlie  return  will  be  deJayed  many  ccn- 
tiiric^,  nay,  ])erha]»  many  thousand  years.  There  are  quite  a 
number  of  comets  which  arc  known  to  be  periodic,  returning; 
to  the  snn  at  regular  intervals  in  elliptic  orbits.  Some  of 
thcso  bn-.e  been  olwcrved  at  several  retiima,  so  that  their  exact 
period  has  been  determined  with  great  certainty:  in  tlic  rase 
af  otheif,  the  periodicity  has  be«n  inferred  only  from  lliv  fact 
that  the  velocity  fell  so  far  short  of  the  parabolic  limit  ihat 
tliere  conid  be  no  doubt  of  the  buA  that  tlio  comet  moved  ia 
au  ellipse. 

In  tliis  (]iiostiou  of  comctary  orbits  is  involved  the  very  in- 
tercdling  one,  whether  comets  should  bo  considered  as  belong 
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iiig  ta  niir  gy-stflm,  or  as  mere  vtMtniti  from  the  elollnr  epace^ 
Wu  luB^'  w>Tit«ivc  of  tlioin  n»  eti-nj-  frn^iienta  of  origiiiiil  iicb- 
dIoiis  mailer  Bcaitcred  thmiigU  the  ^ruut  witdumv^^  tif  iipat^ 
around  t\*.  <lra\vii  towards  our  6Uit  one  liy  one  as  tlio  long  ngn  { 
elapse.  If  no  |>)Kiit'l:<  MUTunudL'J  llic  snii,  or  if,  Atirroiinctiitg 
it,  tliey  wore  immovfthle,  n  (romet  Miiis  dmwii  in  wonid  whiri 
anniiid  tlic  suit  in  a  iienrly  pnrabolic  orbit,  and  leave  it  again, 
iiot  lo  return  for  pci'lia|i»  niilliuns  of  yoars,  beL-anso  tlio  vcWi- 
ty  it  would  acqnirc  hy  fulling  towards  tliv  iinn  would  be  just 
fiiillieicnt  to  carry  it  back  into  tlie  intinite  void  fiimi  \tli:v)i  it 
But  owiii^  to  tlio  motions  of  tlio  several  plaucte  in 
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their  orbits,  tlio  oomct  would  bnvc  its  vflocity  vbani^-d  in 
pn)<«in,£;  each  of  tlioin,  the  clinngc  being  nii  auvelcrHlioii  or  a 
retaixlatinn,  accoi'ding  to  the  way  in  wliicli  it  pa-i^ed.  If  tlie 
total  nccL'lfiulitjns  prodiKud  by  all  tlic  planute  oxwfdod  ibe 
rt'iardatiun^,  tlio  vomvt  would  loiivc  our  »j-»toni  with  tnoro 
llian  ilio  puralwltc  veluc-ity,  and  would  ifrtaiiily  ncrer  return. 
If  tlie  n-tni'ding  forces  c-tianced  to  be  in  oxceE«,  the  orbit 
would  be  changed  into  an  ellipse  nioro  or  less  olungnlod,  a«- 
coi'ding  to  iho  amount  of  this  c\oi^»».  In  tlic  largv  majority 
of  ittM^,  the  R'turdntion  wonid  1>c  tn  nltght  that  the  mo6t  del- 
icate observations  conld  not  ehow  it,  and  it  could  hv  known 
only  by  calculation,  or  by  the  ix'tnrn  of  the  comet  after  tciM 
or  hundred*  of  thousNiid*  of  years.  But  should  the  comet 
ohanc-e  to  paf6  very  near  a  planet,  cspueially  u  Ui'gc  plaiMit 
like  Jupiter,  the  retardation  niiglit  be  m  great  na  to  make  the 
comet  i-evolvv  in  an  orbit  of  quite  nboi-t  period,  and  thus  bo* 
some  a  seemingly  permanent  member  of  our  e\-»tL>ni.  So  near 
an  npproncli  of  a  vonict  to  a  planet  would  not  bo  likely  to  oo- 
cur  more  tlian  xnee  in  »  number  of  centuries,  but  every  time 
it  I'd  occur  there  woidd  be  ati  even  chance  for  an  ndditiouHl 
comet  of  abort  j^criod,  the  oi'bit  of  whicb  would,  at  first,  al< 
moot  intei-sect  that  of  the  planet  which  had  deranged  it  It 
might  not,  liowever,  be  a  known  comet,  bccaiiK  llio  ortwt 
might  bo  wholly  beyond  the  reach  of  cur  vision. 

All  the   facttt  connected  with   periodic  uonieta  tend  to 
atreugthcu  the  view  iliat  tlicy  batomc  members  of  our  system 
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tn  UiU  way.  Tlio  majority  of  tliose  of  ehort  pertAt)  h»\e  1>c«n 
eiitnt]>|M.'<I  \*y  Jiipitvr.     Tliust;  ovl>ita  wliicli  do  imt  pass  uear 

tjupitur  goncnilv  |m8«  near  to  some  oilier  pluticl.  to  wIio#u 
nctiuii  tliR  introduction  of  llie  oomet  is  pi'oliahlv  due.  Tlic 
gmdoal  fading  nwny  of  inoet  of  llie  comets  of  alioit  period, 
vrliidi  ux  ilinll  dotturibe  more  fully  lici-caftiT,giMM  Additional 
color  to  tbia  view. 

S'l'iJifr  of  Cvintls. — It  was  the  opinion  uf  Kc;)ler  tliiil  the 

Hcelcstial  spaces  were  ae  full  of  comets  as  tliu  eea  of  Kali,  oiity 

a  small  proportion  of  tlieni  (;oinin<;  uitliin  tlie  ittii^  of  onr 

tetetoO|)«s.     Tlial  oidy  nii  inaignitiuant  frautioii  of  all  cxiiitiiig 

comets  have  ever  been  observed,  we  may  rugaid  as  eertaiu. 

•  Owing  to  tlicir  tutrcincly  elongated  orbil«,  tlicy  i-an  be  ec-eit 
only  when  near  tbeir  iieribvlioti,  luid  as  it  is  guubaliie  tliut  llio 
peiiod  of  rovolntion  of  the  large  tnajonty  of  tboec  wliieb  hare 
Iwjn  ol»M;ncd  is  uuuntcd  by  thousands  of  ycai-s — if,  indeed, 
iJiey  ever  return  at  all— onr  obeervHtions  inii»c  bo  i-ontiti»ed 
Bfor  many  tliousand  yeai«  bofora  we  liare  seen  alt  wliiuli  come 
within  isngo  of  our  teltMwpos.  It  is  also  probable  that  all 
whicb  can  ever  be  seen  will  be  but  a  small  frnL-tii)n  of  tlio 
number  wliidi  exist,  because  a  eomet  can  seldom  be  seen  un- 
less its  pcrilifilion  is  eitiicr  inside  the  orbit  of  tbe  earth,  or  bnt 
little  outside  of  it.  Tlmit;  ai'u  a  few  exceptions  to  tlio  rule 
tltut  only  snob  comets  ai-e  fMicn,  tlie  mo»t  notable  one  bci:ig 
tliat  of  the  comet  of  Xl'i.'i,  whioh,  at  perihelion,  was  more  than 
fuiir  times  ibu  cartli's  distmiuo  from  tiie  snn.  This  comet  must 
have  been  one  of  cxtraonlinan,-  magnitude,  as  almost  every 
otlier  known  comet  would  have  di9Ap)>cared  entirety  fiv>m  tbe 

kmost  powerful  telesco|)L-a  of  that  lime,  if  plaoL-d  at  the  dis- 
tance at  whieli  it  was  observed. 
The  actual  number  of  vonielA  recorded  n»  visible  to  the 
iiake^l  eyo  since  the  CliHstiau  era  is  given  in  tho  table  on  the 
following  page.* 

Ttiia  table  ■>  taken  u  teconil-hand.  principnlly  from  Arago  ("Aitronnmid 
lire,"  liTfe  ifil,  chap.  xv. ).     Atnuo  muniiom  bul  -ijr*'  n«  viiililu  diiiinti 
llw  eighteen ih  nntuty.    1  bnrt  vDiiiitlcreJ  ih«  nuinlwr  thiii/-«K,siven  b;  KIdn, 
u  more  protebls. 
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In  roiniil  iiiiiiilH.-]-s,abuiit  Sro  liiiiidrud  cometa  visible  to  tlw 
iiiikt?<l  eye  huve  beuii  K-vxifiiHl  »\\vx  oiir  unt,  making  a  gt^nci'al 
averaj^e  of  one  every  fonr  years.  I{efiidi>s  tliedc,  iiearly  twu 
hiiti(]i-cil  U'lwcopic  winuU  Imvu  boon  olwcneJ  eiiice  tbe  in-j 
vcniiuii  of  tliu  tfleMO|io;  hu  tluit  lliu  tutal  iiiiinbor  of  the 
bodies  obaenetl  during  tlie  ])criod  in  (]iicnt:uii  dues  not  fall 
far  filiurt  u(  Boven  biiiidrix].  Several  new  telescopic  comen 
ait;  now  disco'vcivd  la-urty  every  year,  tlio  nuinltcr  sometiiiiM 
ranging  n|)  to  six  or  oigiit.  It  is  proliablo  that  l)to  animal 
iiiitnbci-  of  rbift  cliisa  di»(;overed  depends  very  largely  on  tbe 
filiill,  assidnity.  and  good  -  fortnno  of  tbe  itstroiioincri  wlio 
uluiiii;e  to  be  oiigogcd  in  Ec-sn:])iiig  for  tbcm. 

%  Z.  lientarkuiHr  CovteU. 

In  niioii  lightened  ages  comets  were  looked  on  with  lerrur, 
an  poneiidiiig  i>t-Hiileiire,  war,  the  death  of  kiiig^,  or  utber 
ralainitous  or  icmat'kablG  events.  Hence  it  hap|>cn8  tliat  in 
tbo  earlior  duecriptione  of  these  bodies,  tliey  are  generally 
awciinatod  with  fomu  eoiitcm[>oraneoiis  ovont.  Th«  dosurip- 
tiuns  of  the  comets  theiniielvei  ara,  liowcxcr,  iK>  vagud  and 
iiidctinito  as  to  be  entirely  devoid  of  cither  instruction  or  iti< 
tcivnt,  as  it  often  happens  tliut  not  cvcti  their  eoiirso  in  the 
heavens  is  stated. 

Tlio  givat  comet  of  KSSlt  is,  as  ahtady  said,  ivinarkabte  for 
being  not  only  a  brilliant  comet,  but  the  one  by  which  Ko\t- 
ton  proved  that  comets  move  nnder  the  influence  of  the  gravi. 
tatiou  of  the  sun.  It  first  appeared  in  tlie  autumn  of  16S0, 
and  Continued  visible  moBt  of  the  time  till  the  following  spring 
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It  fell  down  almost  iti  a  direct  tine  to  the  sun,  paMing  nearer 
to  tliat  Inminory  tlinn  any  comet  befure  kiiowi).  It  pn8«cd  iti 
peribeiion  on  December  Itith,  and,  sweeping  round  a  large 
ftrc,woiit  back  in  n  dirt^vtion  iiut  very  diffuniit  from  tlint  from 
which  it  came.  The  observations  have  been  catculnlcd  and 
the  orbit  investigated  by  many  astrouomcre,  beginning  with 
Nuwoii;  but  tJie  resulu  fthow  no  certain  deviation  from  a 
parabolic  orbiL  Ileai-e,  if  the  comet  ever  retnrna,  it  in  onl^ 
at  very  long  interval*.  I  [alley,  however,  siwpocted,  witli  some 
plniuribilitjr,  that  tlie  period  might  be  575  yenn,  from  the  fact 
■hat  great  comets  had  been  i-ecorded  as  appearing  at  that  ia- 
lervat.  Tlie  first  of  thctu:  appearances  was  in  the  month  of 
Scptcnilwr,  after  Jidiiu  Ceesar  waa  kilted ;  the  Becoitd.  in  tho 
year  631;  the  tliird,  in  Febrnsry,  1100;  while  that  of  ItiSO 
made  the  fuurtli.  If,  as  seems  not  impowibic,  those  wore  fonr 
returns  of  one  and  tlie  same  comet,n  fifth  rctnm  wilt  bo  ecen 
by  onr  poeterity  about  tho  year  S355.  Until  that  time  the 
exact  period  must  remain  doubtful,  because  obsorvatione  made 
two  ecnturioa  ago  do  not  po«80M  tlic  euietitnde  which  will 
decide  so  detioate  a  poinL 

naltfjf'a  Comet — Two  years  after  the  comet  last  drascnliod, 
one  appeared  which  has  sinco  become  the  mo»t  celebrated  of 
modem  times.  It  was  tintt  seen  on  August  IDtli,  l(tS3,  and 
obeen-ed  about  a  month,  when  it  disappeared.  Ilalloy  com- 
puted tlic  position  of  tho  orbit,  and,  comparing  it  with  previ* 
oua  orbitfl,  found  that  it  oaincided  so  exactly  with  tlint  of  a 
comet  observed  by  Kepler  in  1607,  that  there  could  be  no 
doabt  of  t]io  identity  of  the  two  orbit*.  So  close  were  t]iey 
together  that,  if  drawn  on  the  heavens,  the  naked  eye  would 
almost  see  them  joined  into  a  single  line.  The  cbaneos  n^insC 
two  separate  comets  moving  in  tlio  lamo  orbit  were  eo  great: 
lliat  Hiilley  could  not  doubt  that  the  comet  of  lOS^  was  tho 
same  tliat  had  appeai-ed  in  1607,  and  that  it  therefore  revolved 
in  a  very  elliptic  orbit,  returning  about  every  ftevcnty-fivc  yean. 
llis  conclusion  wa*  eonlirmcd  by  the  fact  that  a  comet  waa 
obaerred  in  1531,  which  moved  in  apparently  the  same  orbit- 
Again  subtracting  the  period  of  sevcutv-fit'e  years,  it  was 
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found  tliKt  tFi«  comet  had  appeared  in  145(>,  wlien  it  Rpread 
each  terror  tlii-oughout  diristendom  tliat  Pope  CalistUB  or- 
dered praycnt  to  l>o  ufToi'od  fur  protfictioii  against  ttio  Turki 
and  the  comet.  This  is  »iipjKi»ed  to  lie  the  ciIX'1Ull:^lanl:lO  wliicli 
gave  rise  to  tbe  popular  tojrtb  of  the  Pope's  Bull  against  tbe 
Comot  I 

This  is  t)io  earliest  ooouion  on  whivli  observations  of  thd 
tjonree  of  tlie  comet  were  made  with  snch  accuracy  that  ita 
orbit  could  bo  deteriniuod.  If  wc  kcup  subtracting  75J  j^an, 
we  Bhall  lind  ttiat  wo  »otnetime»  fall  on  dates  when  the  apjia- 
rition  of  a  comet  was  recorded ;  Ijiit  n-itliout  any  kiiowk-d^ 
o(  the  orbitis  of  tlioso  bodiea,  it  cannot  be  said  with  oertaitity 
that  they  are  identical.  However,  in  the  returns  of  145tJ, 
1531,  1607,  and  \&^i,  at  nearly  equal  interval*,  llulloy  had 
good  reason  for  predicting  that  the  comet  would  return  again 
about  176S.  This  gave  the  inathematioians  time  to  investi- 
gate ita  motions;  and  the  eetabliahment, in  the  mean  time, of 
tbe  theory  of  gravitation  eliowod  them  how  to  set  abont  the 
work.  It  was  noccssary  to  calculate  tlio  effect  of  the  attrac- 
tion of  the  planets  on  the  motion  of  the  comet  during  the  en- 
tire seventy-six  years.  This  immense  labor  was  performed  hjr 
Clairaut,  who  found  that,  in  consequence  of  the  attraotione  of 
Jupiter  and  Saturn,  the  return  of  the  comet  would  bo  dclaTod 
618  days,  so  that  it  would  not  reach  ita  ]>erihclion  until  itio 
middle  of  April,  1759.  Not  liaving  time  to  tini^h  his  calcula- 
tions  in  the  best  way,  he  considered  tliat  this  result  wi«  uncer- 
tain by  one  month.  The  comet  actually  did  pass  Its  periliolion 
at  midnight  on  March  l'2th,  1759. 

Seveuly-«i:t  year«  more  were  to  cla^wc,  and  the  comot  would 
again  appear  about  1835.  Meanwhile,  great  improvemonta 
were  made  in  tlio  mothods  of  computing  the  effects  of  planet- 
ary attrnction  on  the  motions  of  a  comet,  so  that  mathemati- 
cians, without  expending  more  labor  than  Clairaut  did,  were 
enabled  to  obtain  much  more  occurate  rcsalts.  The  computa- 
tion of  the  return  of  the  comet  was  undeilaken  independently 
by  four  leading  astronomers,  Do  Damoiscau  and  De  Pont^cou* 
IftiL^  of  Fiunce,  and  Itosenbergcr  and  Lchmann  of  Gonnauy. 
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Frofiewor  Roeenbergcr  aimoanced  tluit  it  wonld  reach  Its  peri- 
belioQ  on  November  11th,  1635;  while  De  Pont^coiilKnt,  after 
rcvi^iig  his  cotnpiitatjous  with  more  exact  dctci-minations  of 
Iho  mwmm  of  the  platicts,  a«i|nied  Noreiuhor  13ib,  &t  2  aji^ 
u  tliedate.  The  expected  comet  waa  tint  seen  on  Augiut  5tli. 
Approaching  the  enn,  it  paeaed  its  perilietion  on  Xoveinbcr 
16lh,  only  three  daj-e  aftor  the  lime  predicted  by  Do  Ponl^ 
conUnt,  and  live  days  after  that  of  Kodenbei^r.  tint  although 
De  Ponl&Ktnlant'a  resnit  waa  nearest,  this  was  an  accident; 
tlic  work  of  licecnbcrger  wa&  the  most  thorough, 
TliU  waa  the  la»t  return  of  the  oolobruted  comet  of  Il&lley. 
tit  was  folIoWL-d  until  May  ITth,  1838,  when  it  dieappearod 
from  the  tight  of  the  most  powerful  tcle»ooi>e3  of  tliu  time, 
an<1  has  not  been  seen  since.  Out  the  astronomer  can  follow 
it  with  the  eye  of  science  with  almost  as  much  certainty  as  if 
he  had  it  in  the  ticid  of  view  of  his  telescope.  Wo  cannot  yet 
fix  tlio  time  of  its  return  with  certainty;  but  we  know  itiat  it 
reaohedtbefarlheatlimit  ry 
of  ita  couTSC.  which  ex-  f 
tends  some  distance  be- 
yond the  orbit  of  Xep- 
tuno,  about  1873,  and 
that  it  is  now  on  its  ro- 
tom  journey.  Wo  pro- 
sent  a  diagram  of  its  oi^ 
bit,  showing  its  position 
in  1874.  Its  velocity 
wilt  ooni^nUy  increase 
from  year  to  vear,  and 
wo    may    cxtM;ct    it    to  Fr.-s.,.^.ma,u.iw.t<m^ 

reach  perihelion  bW>uI  tlie  year  IDll.  The  exact  date  cannot 
be  fixed  nntti  the  effect  of  the  action  of  all  Uie  planets  is  com- 
puted, and  this  will  l>o  a  greater  labor  than  before,  not  only 
because  greater  ncctimcy  will  be  aimed  «t,  hut  because  the 
action  of  more  planets  mnst  bo  taken  into  account.  When 
Claimut  computed  the  return  of  1759,  Saturn  was  the  outer- 
most l(iu>wn  planet.    When  the  return  of  1S35  waa  computed, 
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Uraiine  Iisd  been  nddod  to  the  list,  and  iu  action  hftd  to  be 
taken  into  aoeouiit.  Siikio  tlictt  tiitio  Nvptuiic  lias  Imx-ii  (lU- 
oovered ;  and  the  aAlroitomer  who  (iompiues  tlie  return  of  19U 
must  add  its  acliuti  to  that  of  tlio  otlier  pianola.  By  doinj;  M, 
wu  m&y  liopu  thai  the  time  of  niacblng  periliolioo  will  be  pre- 
dicted ivitliiii  one  or  two  days. 

The  Lost  BKla's  Comet. — Notbing  conld  more  Btrikingljr  il- 
liistnite  tlie  diffurcnw  bctwvon  uoinote  and  other  licavonlj 
bodies  than  the  fact  of  tlie  tolnl  dijiiolution  of  one  of  tlio  for- 
tncr.  In  iSitl,  a  cornet  was  diecovcrcd  hj-  an  Anstriun  named 
Biela,  whicli  wai  foniid  to  be  poriudic,  and  to  have  b««u  ob- 
aerved  in  1773,  and  again  in  1805.  Tlie  time  of  revolution 
was  found  to  bo  six  years  and  eight  montlis.  In  tli©  next  Uro 
retnms,  the  eartli  was  not  in  the  right  part  of  its  orbit  to  ad- 
mit of  observing  the  eomet ;  tlie  latter  ^im  tlicreforo  not  aceii 
again  till  1^45.  In  Xoveinber  and  Dc(;enibcr  of  that  year 
it  was  observed  as  tisimt,  without  anything  remarkable  being 
noticed.  Itnt  in  Jannai-y  following,  tlie  nitrouomcrs  of  tlie 
Kaval  Observatory  found  it  to  have  suffered  an  ac-cidcnt  nev- 
or  before  Icnomi  to  happen  to  a  heavenly  body,  and  of  which 
no  explanation  has  cvor  boon  given.  Tlic  eomet  had  »ci«- 
rated  into  two  distinct  piirtd,  of  quite  nnec^iuil  briglitnees,  so 
Uiat  there  wei-e  two  appai-ently  complete  comets,  instead  of 
one.  During  the  montli  fuUowing,  the  lcr«cr  of  tlie  two  ood- 
tiniially  inerwwed.  nntil  it  became  equal  to  its  coni|ia»ion. 
Then  it  grew  smaller,  and  in  March  vanished  cniircly,  though 
its  companion  was  still  plainly  seen  for  a  moulli  longer.  The 
distance  apart  of  tho  two  portions,  according  to  the  compnla- 
tions  of  Professor  Iliibhard,  was  about  200,000  miles. 

The  next  return  of  tho  comet  took  place  !n  tSliS,  and  wa«, 
of  coiii«c,  looked  for  with  great  interest.  It  wiia  found  ntill 
divided,  and  the  two  yaiti  were  far  more  widely  separated 
than  in  1846,  their  distance  having  i»crcaj«cd  to  about  a  mill* 
ion  and  a  half  of  iiiilc«.  Somctiine:^  one  part  was  the  bright- 
er, and  sometimes  the  otlier,  so  that  it  was  impuesiblo  to  de- 
cide which  ought  to  be  regarded  as  representing  tbo  {»incipal 
comet.    The  pair  passed  out  of  view  about  the  cod  of  Sep> 
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fber,  l6S9|nd  bftve  not  been  seen  smce.  Tlicy  vrould, 
Buira  diebfliftve  made  five  coiuploto  rcvoliiiious.  rctiimiug  in 
1859,  1860,  uid  1873.  At  tlie  tint  of  tlieae  returns,  tlio  i-e1»- 
live  poeitions  of  tiic  comet  and  tlic  enrtli  wore  eo  iiufavorable 

■  that  there  whs  im  liopo  of  Gvuiiij;  tliu  former.      In  1S65,  it 
could  not  be  fuiiiid ;  but  it  was  iboiigbt  tlmt  tlus  might  be  duf 
to  tbe  grent  distance  of  tbe  voiiict  fioni  ne.    In  IS72,  the  rela- 
tive |io«ilioiis  were  extromely  favurubk-,  yet  not  a  tmoo  of  tbe 
[object  oonid  bo  hwel*     It  bad  seemingly  vanislied,  not  into 
,bol  into  something  ot  a  tenuity  comiiared  with  wbieb 
icet  air  was  ns  a  Eolid  inilUlone.    Some  invisible  inig- 
nents  were,  liowcvor,  ptuwing  along  ttie  comet's  orbit,  and  pro- 
Fdnccd  a  email  meteoriL-  shower,  as  will  l>e  ex|>l»ini.-d  in  a  later 
]  Mction.    Not  a  trace  of  tlio  comet  was  ever  again  soen. 

The  Great  Cbmet  o/ 1843.  — This  runiarkHblo  comet  bni-st 
euddcnly  into  view  in  the  nut<;bb'>rIio(Kl  of  ibc  *un  about  tho 
end  of  I''ebrtmi^',  1843.  It  wat  viniMe  in  fidl  daylight,  so  tlmt 
eomo  observers  actually  measured  tlio  angnlai'  distance  lie- 
tween  tlio  eomot  and  tlto  sun.  It  ivta  followed  nntil  Die  mid- 
dle of  April.  The  most  remarkable  feature  of  the  orbit  of 
this  oomot  has  been  already  nicutionod:  it  passed  nearer  the 
sun  than  any  other  known  body  —  so  near  it,  in  fact,  that, 

•  with  a  very  slight  change  in  the  direction  of  its  original  mo- 
tion, it  vonld  actually  have  strnck  it.  Its  orbit  did  not  cer- 
tainly deviate  from  a  parabola,  Tlio  most  caiDfuI  inveetigation 
of  it — that  of  I'rofei^or  Ilnbhard,  of  Washington — Iitdicatod 
a  period  of  530  years ;  bat  the  velocity  which  would  prodaoo 
tllis  period  is  eo  near  tho  parabolic  limit  that  the  difference 

tdoea  not  exceed  the  uncertninry  of  the  obKcrvationa. 
Donati't  Oamet  of  1858. — This  great  comet,  one  of  tho  mo»t 
magnificent  of  modem  tiin(v,  which  hung  in  the  western  sky 
dnring  tlie  autumn  of  185S,  will  bu  well  remombcrcd  by  all 
kwho  were  then  old  enongh  to  notioo  it    It  was  €i«t  seen  at 


*  Jim  tlut  the  inetooric  (liow«r,  Mr.  Pc^Mn,  of  Mailru,  ohtnined  obMrm- 
FiBeni  or  an  odjnrl  which,  il  wbi  tiiiJpoMil,  alight  hnro  ItMQ  a  fmcment  or  thiii 
ICOQMt.     Bui  ilio  olijsi'i  Hn«  wma  two  mnnilit  behind  ilia  cninpnMil  pMition  n( 
ba  MfflM.  lo  ilint  ills  klentitr  uf  ilia  tivu  hui  navar  baoii  nNa)itoil  liy  niironomank 
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Florence,  on  June  Sd,  185S,  by  Donali,  wlio  described  it  as  a 
rerj'  fainl  nubiilosiry,  nbuiit  3'  in  diiirnclcr.  Aboiil  tlio  cud 
of  Uic  inotitli  it  was  discovored  independently  by  Uiree  Ainciv 
icaii  observers :  II.  P.  Tiiltle, at  Cambridge;  II.  M.  I'arklinret, 
at  Pertb  Amboy,  New  Jersey  ;  Hiul  Misa  Mark  Milvbel,  at 
Nuitituket  During  the  Iiret  three  months  of  iu  visibilitjr  it 
(Tftve  no  indications  of  its  future  f^udcnr.  Xo  l&il  was  no- 
ticed until  the  middle  of  August,  nitd  at  the  end  of  liimt 
month  it  was  only  half  a  degree  in  length,  while  the  comet 
itself  was  barely  visible  to  the  naked  eye.  It  eoiitimicd  to 
tppKMch  the  Kuti  till  the  end  of  ScjUemhcr,  and  during  thk 


Fix,  M.— Omt  omict  of  I^sb. 

montl)  developed  with  ^'i-eat  rapidity,  attaining  its  greatest 
brilliancy  about  tlie  Jii-st  half  of  October.  Its  tail  was  tboo 
4(1'^  ill  length,  and  10''  in  breadth  at  ita  outer  end,  and  of  ft 
ciii'ioiiB  fcatlicr-liko  form.  About  October  SOth  it  passed  bo 
far  south  as  to  ho  no  lon^r  visible  in  norilicrn  latitudes;  but 
it  was  followed  in  tlio  southern  hemisphere  until  March  fol- 
lowing. 

Observations  of  the  position  of  this  comet  soon  showed  Itf 
orbit  to  be  decidedly  elliptic,  with  a  period  of  about  2000 
years  or  less.  A  vaivful  Itivcstigulion  of  all  tlio  observations 
was  made  by  Mr.  G.  W.  Hill,  who  found  ■  i>eriod  of  1960 


THE  GBBAT  SOUTUSaX  COMET  OF  1880. 


389 


jenrs.  If  this  period  is  correct,  the  comet  iniist  linve  nppenrod 
Bbont  iiiiietv-lwo  vcare  before  our  eru,  and  must  appear  ngAiii 
iboiit  tlie  jenr  3S08 ;  bnt  the  uiicortAinty  aritin^  from  the  im- 
perfections of  tlie  obeerrations  may  ainonnt  to  lift}-  yean. 

TAg  Great  Soni^trn  Comet  of  1880.— Oil  tlie  evening  of 
Fcbruiinr  2d,  18S0,  astronomers  in  South  America,  the  Cape 
of  Good  IIope,and  Austmlia  were  enrprispd  to  hco  u-hnt  vrn< 
evidently  tho  tail  of  a  huge  vouiot  rising  above  the  horizon 
in  tlic  toiith-vrort.  Ita  length  was  40°.  iMtailcd  observations 
were  made  hy  Br.  Gonid,  who  observed  it  at  ('mdobii,  in  the 
Argciitine  Itcpublic.  It  was  not  until  two  days  afterward*. 
February  4th,  tliat  he  finally  »nw  the  licad  of  thu  comet  through 

■the  large  telcscO]>0.  It  was  then  moving  in  a  northerly  dii-ec- 
tion,  and,  it  was  supposed,  would  soon  pam  the  snu  and  be  visi- 
ble ill  llic  noi-tlierii  hemisphciv.  But.  instead  of  continuing  its 
northern  coiin^,  it  moved  rapidly  around  the  eun,  and  bent  its 
conrse  once  moro  towards  tlic  soulli.  In  consequence,  it  did 
not  become  visible  in  the  norlhcru  hemisphere  at  all. 

rThis  rapid  motion  around  the  enn  showed  that  the  comet 
must  have  paewd  very  near  that  object,  thus  reminding  astron- 
omers of  tl>e  great  comet  of  IS43.  When  tlic  elements  of  tho 
orbit  were  computed  it  was  found  that  the  two  bodies  moved 
in  almost  the  same  orbit,  so  that  it  fCoincd  ecarccly  possible 
to  nvoid  the  conclusion  that  thU  comet  was  a  i-ctnrn  of  the 
fonner  one.  Kotwithslanding  the  seeming  evidence  in  favor 
of  this  view,  there  are  several  difficulties  in  tho  way  of  its  nn- 
rc9cri,-cd  acceptance.  In  tlic  fint  place,  the  most  caixiful  com- 
pulations on  the  comet  of  1843  showed  no  deviation  fi-oni  a 
parabolic  orbit.  In  tho  next  placu,  if  this  was  a  return  of  tlie 
former  comet,  it  sJionld  have  appeared  at  regular  intervals 
of  thirtv-six  veai-s  and  eleven  months  in  former  times.     Now, 

•there  is  no  n3uoi-d  of  such  a  eomct  having  been  seen  at  tho 
times  when  its  i«tnrn  to  perihelion  sliouM  linve  oecnrrcd.  It 
is  true,  as  Dr.  Gould  sliowed,  that,  by  supposing  a  conlinnoas 
change  in  the  pciHod,  certain  comets  which  wore  in  perihelion 
168S  and  1703  miglit  have  been  identical  with  tlie  two  in 
ion.     This  would  have  reqnii-ed  the  period  to  change 
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from  thirtj-foiu'  vcan  between  the  liret  two  roturnt  to  tliirty- 
dx  yearn  and  eleven  inontlis  I>elwecn  the  In^l  two.  Sucli  t 
obiuige  b  60  improbable  tliat  wo  can  b^rdly  regard  the  dif- 
ferout  appearances  m  bolongiii;;  lu  itbeolntely  t)io  same  bodiee. 
The  inut*t  probable  explanikliim  eeenia  to  be  that  ihev  were ' 
originally  two  nebulous  msteee  far  out  iu  tlio  elcUar  spaces, 
and  that  tlie  nearer  one  was  drawn  into  tlie  buu  thir^'-eoveu 
years  in  advance  of  the  more  distant  one. 

Great  Cornel  of  ISSl, — IMm  coniot  is  bo  roeent  that  inoit 
readers  will  remember  it  It  was  lirat  lieard  of  in  our  Itemi- 
epticre  through  a  telegmm  from  Dr.  Gould,  Mating  tlial  the 
comet  of  1607  was  in  livo  hoiiiv  of  light  asceitsion,  and  thiity 
degrees  eoiitli  declination.  Curiosity  reepecling  the  object  w 
not,  however,  gratified  until  tJie  morning  of  June  23d,  wboti 
it  was  seen  by  obeervor»  in  almost  every  pait  of  the  uorthem 
hcmisphero  mboiit  tJie  begiuning  of  the  morning  twilight.  Cou- 
tinning  iU  northoni  eonrse.ic  reached  the  circle  of  perpetual 
apparition  early  in  Jnly,  and  during  the  remainder  of  t)i9 
period  of  it«  visibility  neither  rose  nor  set.  l*a«in»  )ie«i-  the 
north  pule  of  the  heRvcnB,it  wiis  vii>ib1e  all  night  for  several 
wcck&  The  length  of  tlio  tail  wa&  variously  estimated,  as  tlie 
distance  to  which  it  cuiild  be  traced  depended  largely  on  tlie 
neuteness  of  tlie  obserrer'a  vinien.  To  uioAt  ol)Servcr«  it  pre- 
sented a  length  of  ten  or  fifteen  degrees,  thoagh  some  traced 
it  much  farther. 

Tlicre  arc  two  very  j'emarkabte  features  connected  with  tbe 
motion  of  this  comet.  One  is,  tliat  dm-iug  almost  its  entire 
period  of  visibility  to  the  mtkcd  eye  it  moved  on  the  same 
meridian  as  the  sun,  and,  indeed,  while  paaaing  From  the  sontb- 
eni  to  tlie  northern  hemisphere,  it  may  have  passed  over  Uio 
sun's  disk.  The  otlior  fcsttiro  is  tlio  remarkable  resemblance 
bctu-ecn  it»  orbit  and  that  of  the  comet  of  1807.  It  was  this 
resemblance  which  led  Br.  Gonld  to  telegrapli  it  as  n  return 
of  this  comet.  The  most  caivfiil  determination  of  ilio  ele- 
ments ehow,  however,  tliat  tlic  two  liodios  could  tM>t  possibly 
be  identical,  as  both  were  moving  in  orbits  differing  lo  llttlfl 
from  a  parabola  that  many  centuries  at  least  must  eUjxe  bo> 
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fiwe  tie  retnm  of  cillier.  Wo  have,  therpfore,  anotlier  vsae 
similnr  to  that  ui  the  jfrcnt  (.-oitiiit^  of  ISIS  and  1$S0 — iiHinulj, 
two  different  bodies  following  eadh  oilier  in  neai'y  tlie  aattie 
orbit. 

7»«  Great  C&nut  of  1882.— Early  in  September,  1882,  a 
comet  waa  seen  witli  the  naked  eye  by  observers  nt  the  Cajw 
of  Good  Hope,  in  Australia,  and  in  Cordoba,  South  America. 
Dr.  Gill,  at  tliu  Cape,  describe*  it  an  being,  on  Soptoinbcr  7l]i, 
Uie  dale  of  its  first  observation  at  that  point,  a  quite  oonsptcn- 
ous  object,  the  iiuulciis  appearing  to  the  naked  eye  as  a  star  of 
the  third  ningnitiide.  On  the  afternoon  of  Sunday,  Scplctubor 
17tfa,  the  ooinet  was  visible  in  broad  dayliglit,  near  tlie  snii,  bo- 
iug,  in  fact,  seen  in  both  liomispberos.  lit  tlio  afternoon  it  u-aa 
evidently  approaching  (lie  mini's  limb,  and  about  to  perform  a 
tranait  orer  the  snn's  disk,  umilar  to  that  of  Venus.  This 
phenomenon  was  ono  previously  nnlieard  of  in  aelronomy,  and 
iras,  therefore,  of  tlio  moat  al>eorbing  interest,  oe|)eoial]y  as  it 
wonld  fnmisli  tlie  means  of  determining  wlietlior  the  nuelena 
of  Itio  comet  was  an  opaque  solid. 

Unfortunately,  the  afleniooii  was  far  advanced,  and  it  be- 
came doubtful  whether  the  transit  wonld  not  commence  too 
late  to  be  aeen  at  the  Cape.  Dr.  Gill,  tlierofore,  sent  a  de- 
Bpattili  to  the  telcgruph-offico  to  apprise  the  ft«tronomcrs  of  Eng- 
land and  America,  but,  through  some  unexplained  failure,  it 
did  not  reach  them.  .\s  little  moro  tlian  tho  bare  cxislonce 
of  the  object  was  then  known  in  tho  northci'n  hemisphere,  no 
one  tliought  of  looking  for  the  phenomenon. 

Bill,  at  the  Capo,  jnst  before  tho  snn  wa«  hidden  behind 
Tabic  ilouiitain,  two  of  tho  obt>ervei-s,  Mr.  Finlay  and  Dr.  E|. 
kin,  saw  the  comet  enter  njwn  the  smi's  disk.  By  keeping  the 
sun's  limb  at  tlie  edge  of  the  field,  tlie  former  was  able  to  fol- 
low the  comet  right  into  the  limb.  He  lost  night  of  it  sud- 
denly at  4  honrs  50  minutca  6$  ge<;nnd8  Cape  mean  time,  when 
it  was  just  entering  upon  the  diek;  but  on  examining  the  disk 
,TOry  carefully,  not  the  sliglilcst  trace  of  Uto  uomct  could  be 
Tin  definition  was  bad,  and  in  a  few  luinutci  more  tho 
dhappcared  behind  the  Tnounlain. 
8 
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Dr.  EIkin*«  ob««^va^io^  wne  in  &11  respects  similar  to  Mr. 
Finl&ys.  With  oiio  of  tliv  linlF-lciise»  of  the  hclioiiivlor  lio 
actusilj'  observed  the  comet  to  disappear  ntnong  tlic  iimliilu- 
tioDS  of  the  8uti*e  limb  at  4  boitre  oO  minutes  53  (vcundB,  Tba 
iutriiieic  brilliuncv  uf  tbc  iincleiiK  Hcenivd  EvanMilv  inferior  lo 
liiAt  of  l)ie  fiunV  surface.  It  will  t>c  &ceit  that  the  two  oth 
BorAers,  wlio  wore  entiiijly  eoparatc  from  eacb  oUmr,  only  dif- 
fered 6  seconds  in  the  time  »f  rhe  comet's  eutrj-  upon  llio  limb. 

Tlie  fact  that  no  li-ace  of  the  comet  was  risible  apoii  the 
face  of  the  sun  after  entering  upon  it  is  of  the  gnuitest  inter- 
est, as  showing  Ilmt  tlic  nolitl  »))ai^ue  luicleiu),  if  it  existed  at 
all,  ratiBt  ha%~e  been  much  emallor  than  llie  ap|»rent  nucleus 
measured  with  the  telescojw.  Tbo  transit  of  a  great  comet  liko 
this  over  tho  sun's  face  is  a  plienotnenon  whicli  cnnnol  be  ex* 
pected  more  than  once  in  many  contunes.  We  mnst,  therefoivi, 
oongratulato  otii'cclvus  that  two  obiert'on  were  able  to  note  it, 
oten  under  very  nnfavoinblc  cin-cmstanees. 

After  pafifiiiig  tho  jiorilielion  tho  comet  develoi>ed  into  the 
most  brilliant  one  which  had  been  seen  for  twenty  }-ean.  It 
had,  however,  a  fentiire  of  yet  gi-eatcr  iiilcrest  than  its  brill- 
iancy. When  itg  oiliit  was  uilculatcd,  it  was  found  to  be  al- 
most identical  n-ith  that  of  tlie  great  comets  of  1843  and  1$80. 
The  poesibilitj  that  the  tlirec  bodies  were  idi-ntical  gave  riee 
to  ft  startling  speculation.  Tho  diminution  of  the  period  from 
38  rears  to  20  months  wonid  indicate  that  the  comet,  in  pass- 
ing so  near  the  snrfaco  of  the  iinn.  mot  with  some  re6i§innce, 
the  result  of  which  wonid  be  that,  oontiniinlly  shortening  its 
time  of  revolntion,  it  would,  in  a  few  years,  fall  into  the  son. 
Finthcr  compntations  show,  however,  that  tho  hodics  could  not 
possibly  he  identical,  since  the  comet  iJew  away  from  the  sun 
with  a  speed  that  showed  it  mnst  liare  been  many  yeare  falling 
to  tiio  Sim,  and  centuries  more  bcfuru  it  could  again  retnrn. 

littttm  of  (Jte  Great  Comet  of  1812.— Tho  recent  return 
of  this  comet  is  mainly  of  interest  as  showing  the  wonderful 
degi-oc  of  precision  which  modern  astronomy  hu  reached. 
On  cnlcnlating  its  orbit,  it  was  fonnd  tliat  its  momeiituni 
would  carry  it  out  to  near  tbo  orbit  of  Keptune,  and  that  it 
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would  return  in  nboiit  71  yettrtt.     It  was  uutiiully  foiitid  hy 
Brooks  in  Septombor,  18S8,  tlio  vcrjr  rear  of  Ilio  pi-ediction. 

li^tum  of  Olberti  Comet  o/' 1S15.— H«**cl  fount]  llmt  this 
comet  had  a  jtenod  of  71  ye%rs.  It  actiialt)-  returned  in  1^67, 
Kiid  wu,  like  tliu  proceditu;  0110,  fint  men  hy  Brooks.  Tlio 
dUcovery  yttA  made  on  An^ttt  24lli,  1887,  but  tbu  comet  did 
[not  complete  its  refolntion  until  October  titli,  1687. 

%  4.  Encki^a  Cfimet,  and  the  lietintrng  Medium. 

The  comet  wliicli  iti  recent  times  has  mo6t  eiidled  ibe  «tten- 
tion  of  n»tronon)cr«  is  Ibat  known  as  EnckoX  from  tJio  astrou- 
L.Oiner  who  fir»i  ciireftilly  investigated  its  motion.    It  was  fim 
fieen   in  January,  17SC,  bnt  the  obeervatioim  only  cofitiiiiied 
tlirongb  two  days,  and  wore  insufficient  to  ddcrmino  tho  orbit. 
In  \lQb  A  ooniet  was  foittid  by  Mi^  Camlino  Iler^clicl,  on 
[vhicb  observations  were  continued  about  three  weokti;  but  no 
[very  accurate  orbit  was  derived  from  tbeso  obeorvations.    In 
ISO&tliesameoomet  retnrned  again  to  perihelion,  bnt  its  iden- 
tity again  biled  to  bo  rccognincd.     As  in  tlie  previous  i-eturus, 
tJio  observations  couUunod  throug^t  Iifs  than  a  inontli.     It  was 
fonnd,  for  the  fourtli  time,  by  Pons,  of  AIarwilU*»,  in  ISIS. 
^Vhcn  its  orbit  was  calcnlatod,  it  was  seen  to  coincide  so 
elotcly  witli  that  of  the  oomot  of  1S05  as  to  leave  no  donbt 
that  tlte  two  were  really  tlie  mmo  body. 

The  motions  of  tlie  comet  were  now  taken  np  by  Enoke,  of 
Berlin,  and  investigated  with  a  tlioronglmoss  before  unknown, 
He  found  thu  ]>oriod  to  be  abont  ISOO  dny»,  futir  eomplete 
rcvolnlions  having  been  made  between  1S05  and  1S18.  Kuow- 
ing  this,  there  was  no  longer  any  difficulty  in  identifying  tlic 
coincl  of  170s  as  also  being  tho  Mmo,  tlircc  complete  iwolo- 
tiona  having  been  inado  between  that  date  and  1S05.  In  tlio 
intermediate  returns  to  perihelion,  its  poeition  had  been  so 
nobvorable  that  it  had  not  been  olKK:rvc-<]  at  all.  Tliis  result 
was  received  by  astronomera  with  tlie  greatest  interest,  because 
it  was  the  firet  known  caso  of  a  comet  of  short  [wriod.  Its  re- 
turn in  ISSS  was  duly  predicted,  bnt  it  was  found  that  when 
:iear  its  greatest  brilliancy  it  would  be  visible  only  in  tho 
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Boutlicni  licniispbere.  Ilapptly,  Sir  Tiioinas  Brisbane  had  u) 
uW'rvaCury  lit  pAriitnftttn,  Xcw  Soiitli  Wmli»,atid  liii  wsiMant, 
iiiiriiker,  wa^  m  fortunate  ns  to  lind  tiie  comet.  It  wu  to 
near  t)ie  |>06iiion  predicted  by  Encko  that,  b;  constaatly  point- 
ing tUit  tvtus(x>|>o  in  (liv  dirvetion  predicted  by  that  a^lrononior, 
tlie  ooiii€t  was  in  tlie  licld  of  view  during  its  whole  caiiru!. 

Encke  vootinued  to  invwligale  the  cotireo  of  tho  coraet  dur- 
ing each  rcvohition  iip  to  tlto  time  of  liio  death,  in  18C5.  At 
fiomo  returns  it  could  uot  bo  eeen,  owing  to  its  distance  from 
tho  eartJi,or  the  othorwifO  uofaTorablo  position  of  our  planet; 
bnt  generally  very  au:timte  ob««rMktion8  of  ila  oourw  were 
made.  By  a  comparison  of  its  motions  witli  tliose  wfaicfa 
would  result  from  the  gmvitatiou  of  the  sua  and  plaaots,  lie 
found  tlint  tliu  |)oriodio  time  wos  oontUnUjr  diminiuliing,  and 
was  thus  led  to  adopt  the  bmonB  hypothesis  of  Ollieiin,  tliat 
tlie  comet  mot  with  a  resisting  inodinn)  tu  space.  Tho  dimi- 
nution of  the  period  u'ne  about  two  boun  and  a  half  in  each 
rcvolntiuu.  Tlie  conclneiou  of  Eneke  and  Olboi-s  was  that  tlie 
planetary  spaces  am  lillud  wilh  a  very  rare  medium — so  rare 
that  it  docs  not  produce  the  »>Iightcst  cfTeel  on  (lie  motion  of 
sneh  masMve  bodies  as  the  planets.  The  comet  being  s  body 
of  extreme  tenuity,  probably  far  lighter  tlian  air,  it  might  be 
^ectod  by  sndi  n  modiutn.  The  existence  of  this  modiam 
canDOt,  however,  be  considci-cd  na  established  by  Eneke'a  to- 
aeardiefi.  In  tlie  first  place,  if  vo  grant  the  fact  tliat  tlie 
time  of  rcvohition  is  continually  diminisliing,  as  maintained 
by  tho  grc'itt  GerniAii  nstmnomor,  it  d<w»  not  follow  that  a  ro- 
sisting  medium  is  the  only  canse  to  which  we  can  attribute  iL 
But  tile  main  point  is,  that  tho  computnlions  on  which  Eneke 
founded  his  hypothesis  are  of  such  intricacy  as  to  bo  always 
liable  to  small  errors,  and  their  results  cannot  be  received 
with  entire  confidence  until  somo  one  else  has  examined  tho 
subject  by  new  and  improved  methods 

Such  nil  examination  was  commenced  some  years  ago  at  the 
Pnlkowa  observatory  by  Dr.  von  Aston,  and  since  tlie  death  of 
that  lutronomvr  has  been  i-oiiliuucd  by  his  successor,  Dr.  Itaijk- 
lund.    Tlic  work  was  devoted  more  especially  to  a  very  care- 
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fnl  calculation  of  the  action  of  all  tlie  planets  on  tho  comet 
from  1S61  to  L$78,  a  yicriod  of  Uvo  ruvolii  lions  of  the  comet. 
At  fire>t  it  waa  tlioiight  tliei-e  wrs  no  retardation  frmn  1S05  to 
1871;  l>ut  tliit!  conclu£iun  was  traced  to  an  error  in  &ouie  of 
t)>o  complicated  CAlculations  ncccssarj-,  anil  iiuvr  it  is  t-stab- 
]i«lied  that  the  retardation  of  the  comet  got>,4  on  ivgnlarl^'  from 
one  period  to  anotlici*,  so  that  after  a  great  nnmlrer  of  centn- 
lie*  have  elajMcd  the  comet  inn»t  fiill  into  the  bum.  But  long 
iMifore  that  time  tlie  comet  will  probably  diBap]>car  entirely,  ns 
Biela'e  comet  has  atrendv  done. 

It  cannot  be  detcriniTicd  whctlicr  the  comet  is  re^islcd  at 
evei7  point  of  its  orbit,  or  only  when  near  the  &un,  but  tlie 
preponderance  ot  ondence  favors  tho  latter  result. 
To  jodgo  u'hetlier  lh<;  dcvinttons  in  tliu  motion  of  KncWe 
inet  are  really  due  to  a  reeisting  medium,  we  should  know 
whether  the  motions  of  otlior  comets  exhibit  Mmilar  anom* 

,1ic«.  Bo  far  a«  is  yet  known,  no  other  one  dees.  There  is 
at  Icoat  one  which  h  returned  a  Anfficient  number  of  times, 
and  of  which  tlie  motions  have  hocii  compnted  with  snfKcient 
care,  to  k'od  to  an  entirely  dofiiitto  conclusion  on  this  point, 
namely,  the  iieriodic  comet  of  Faye.  which  has  hccn  investi- 
gated by  Miiller.*  This  comet  was  discovered  in  i*H3  by  tho 
•oironoraer  whoso  name  it  bears,  and  was  soon  fonnd  to  move 
in  an  elliptic  orbit,  with  a  period  of  a  little  more  than  seven 

ear*.  As  it  has  been  observed  at  several  returns  since,  Miller 
inveotigalcd  its  motions  mtti  a  view  of  finding  whether  its 
period  was  affected  by  any  resisting  mcdinm.  At  first  he 
tlionglit  there  was  sucli  nri  efTect,  his  general  result  being  of 
tite  same  nature  witli  that  reached  by  Encka  Itnt  on  repeat- 
ing his  calculations  with  thu  improved  data  afforded  by  a  first 
calcolation,  he  foimd  tliat  the  nnnlt  aro»c  from  the  impcrfuc- 
lion  of  the  latter,  and  that  the  comet  really  sliowed  no  sign  of 
a  change  in  its  mean  motion.  It  tliereforo  seems  certain  that, 
if  there  is  a  resisting  medium,  it  docs  not  extend  onl  for 
enongh  from  tlie  sun  to  meet  the  orbit  of  Faye's  comeL 
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§  5.  Other  Periodic  Comttt. 


Among  i-ccciit  coineUrj  ditcovcnex  the  first  place  in  inter- 
est miiBt  bo  assigned  to  Mr,  S.  C.  Chandler's  ivoib  identifying 
u  cciiiet  disoovared  by  lirooks  in  18S9  witli  the  celebmted 
comot  of  LgxoII.  Tlio  Utter  wan  discovered  in  June,  1770^ 
and  was  risible  to  the  naked  eye.  Much  to  the  8ur|iri»e  of 
the  astronotncre,  it  was  found  to  bo  moving  in  nu  elliptic  orbit 
with  a  period  of  only  six  yean.  It  al»o  pnseed  so  near  the 
orbit  of  tlic  eni'Ch  ns  to  fri^htL-n  mnny  lest  thuro  Hhuuld  ba 
a  collision  whicli  might  greatly  dimiage  our  planet.  The 
myetvry  of  its  appctimnco  was  solved  when  it  was  found  that 
ithnd  juBt  como  fram  tho  neighborhood  of  the  planet  Jupiter; 
wliich  lind,  pt-eunmiibly,  t)iri>wn  it  into  nn  entirely  new  orbit. 
On  tho  second  revolution  following  it  again  enconntered 
Jupiter,  and  iltt  orbit  was  so  eliniiged  that  it  was  not  again 
teon.  When  the  orbit  of  Brooks's  comet  of  1SS9  was  com- 
puted, it  was  found  to  be  moving  in  an  orbit  with  a  period  of 
less  than  ei^litycnrs;  and  whou  the  case  was  investigated,  it  was 
found  that  the  coniel  had  just  come  from  an  encounter  with  Ju- 
piter. Moi'vover,  this  encounter  took  place  at  the  same  point 
of  Jupiter's  orbit  where  the  planet  met  T^xell's  comet  HO 
ycnrs  before.  On  computing  buck  the  action  of  Jupiter  on 
tho  comet,  the  latter  was  found  to  have  been  moving  in  an  or- 
bit wholly  outside  of  that  of  Jupiter.  Although  u  very  strong 
presumption  iu  favor  of  tho  identity  of  the  two  comets  ia  thtts 
shown,  further  researches  are  re<]uirvd  before  it  is  proved. 

Of  periodic  comets  seen  at  only  one  return,  many  have  pe- 
riods so  long  that  no  especial  interest  attaches  to  the  elliptieity 
of  the  orbits  at  tho  present  time.  In  other  cases  tho  observa- 
tions are  so  uncertain  that  great  doubt  attaches  to  the  period. 
Tlio  following  arc  cases  in  which  tliero  is  tittle  doubt. 

A  comet  which  passed  its  perihelion  on  November  19ih, 
1783,  was  found  by  Dr.  C.  II.  F.  Peters  to  have  a  period  of 
less  than  six  years.  Rut  it  was  never  seen  before  or  since. 
Iu  orbit  was  probably  deranged  bjr  that  of  Jupiter,  near 
wiiicb  it  approaches. 
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The  comet  of  1S12  was  found  by  Eocke  to  have  a  period 
of  BCvciJt;--one  years,  witli  an  tinccrtaioty  of  three  years.  It 
reappeared  ia  1S83,  as  already  stated. 

Tlio  third  comet  of  1810  was  loimd  by  Encke  to  have  a 
period  of  five  years  and  sttii'CD  oiODlbs,  but  nothing  more  vras 
ever  heard  of  it. 

Tiie  fourth  comot  of  tlie  same  year  was  found  by  the  same 
computer  to  have  a  period  of  leca  tbau  five  yvar»,but  it  luks 
not  been  seen  again. 

The  fourtli  comet  of  1$4(>  has  a  period  of  less  than  one 
hundred  years,  but  it  is  qiiito  uncertain. 

Tlie  sninu  year  Dr.  C.  H.  F.  I'dere,  at  Nti|)1es,  discovei-ed  a 
comet  of  qaite  ghort  ])cnod,  which  should  have  returned  sev- 
eral times  before  now ;  but  it  ha*  not  again  been  nceu. 

The  same  etatomeiit  applies  to  De  Vico's  comet  of  1S44. 
Therefore,  Iwaidea  the  eleven  cornels  which  have  actually  been 
obeorvod  at  two  returns,  there  are  but  tJirce  whose  periods  uro 
certain. 

The  next  subject  to  which  we  would  jiaIc  tlie  attention  of 
the  reader  is  that  of  the  physical  constitution  of  comets.  Cut 
Ibis  subject  can  be  discu»»cd  only  in  connection  with  another, 
to  which,  at  first  siglit,  it  seems  to  htve  no  relntion,  though 
BO  cnrioQ&  a  relation  has  really  been  discovered  ns  greatly  to 
modify  our  views  of  what  a  comet  probably  is.  Wo  refer  to 
the  phenomena  of  meCcoi^.  meteoric  showers,  and  shooting- 
stars,  whicli  next  claim  our  attentiotL 

g  6.  Meteors  and  Shooliny-stan. 

If  we  carefully  watch  the  lieavcns  on  a  cloudlet  night,  we 
diall  frequently  see  an  appcamnoe  as  of  a  star  rapidly  shoot- 
ing through  a  short  spitce  in  the  sky,  and  then  suddenly  dis- 
appearing. Three  or  four  such  ahootin^-stnrs  may  geucnilly 
be  seen  in  the  course  of  an  hour.  Generally  tliey  are  visible 
only  for  a  scc(jn<]  or  two,  but  »oinctinio«  move  slowly,  and  ore 
seen  mnch  longer.  Occasionally  tliey  are  80  brilliant  as  to 
llhiminato  the  whole  heavens,  and  tliey  are  then  known  aa 
meteors — a  tenn  which  ia  equally  applicable  to  the  ordinary 
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Bliooting-Etars.  Id  general,  (licy  aro  eeen  only  one  at  a  liine, 
and  aru  eu  minute  ns  linrdlj-  to  attract  sttout40ii.  But  they 
Imvo  oil  »oiiic  occasions  »]iowii  tlicniselvcs  in  such  ntimbcn  u 
to  till  tlie  beholders  with  terror,  lest  tlio  end  of  tlie  world  liad 
conio.  Tlio  Chinese,  Arabian,  an<l  otiivr  historians  have  liaiid- ' 
cd  down  to  na  many  acconnts  of  anch  aliowcra  of  meteors, 
which  have  been  brought  to  light  by  the  lOBcarchos  of  Edward 
Biot.  (Jiictvlvl,  ProfcMor  H.  A.  Nowion,  and  othei-it.  As  an  ex- 
ample of  these  acoounta,wo  give  one  from  an  Ambian  writer: 

^  In  the  vour  599,  on  tlio  lost  day  of  Moharrem,  Btars  shot 
hither  aiid  thitlier,  and  flew  agaitwt  each  other  lik«  a  ewarni' 
of  lociisiH :  thM  pluwomonon  Iwtud  until  daybreak ;  iwo|ila  '< 
wore  thrown  into  consternation,  and  made  supplieation  to  the 
Alost  llJgli :  tltero  was  novur  thu  like  twen  except  on  tho  com- 
ing of  tlio  incmciiger  of  Uod,  on  whom  be  benediction  and 
peace." 

In  1799,  on  the  night  of  November  12th,  n  remarkabia 
shower  was  won  by  Humboldt  and  Bonp1and,who  were  Iliec 
on  the  Andes.  Humboldt  dcwiilicd  the  i^liowor  as  4.>oinnieD- 
oing  a  little  before  two  o'eloek.and  the  meteom  oa  rising  abovo 
the  horizon  between  cott  and  north-east,  and  moving  over  tow- 
ards the  flonth.  From  not  continuing  hi*  obfteri-ation*  long 
enongli,  or  from  eoinc  other  cause,  lie  failed  to  notii«  tliat  tliO 
linoi>  in  which  the  meteors  moved  all  «t.'omcd  to  converge  tow- 
ards the  eauie  point  of  the  heaven»,  and  thtis  iniaccd  tho  dis- 
covery of  the  real  euuso  of  the  phenomenon. 

The  next  great  tthower  wai*  »cvu  in  this  vonntry  in  1833.1 
All  liiroiigh  the  Sonthem  State8,the  negroe«»,likc  the  Ar»l»  of  ' 
a  prcvioNK  century,  thought  tho  end  of  the  world  h»d  c-nme  at ' 
iBfit.    The  phenomenon  wag  observed  very  carefully  aC  New 
Haven  by  Profeeeor  Olmsted,  who  worked  out  a  theory  of  it* , 
cause.     Although  his  ideas  are  in  many  respects  erroneona, ' 
they  were  the  means  of  suggesting  the  true  theory  to  otbora. 
The  rectirtence  of  the  shower  at  this  time  suggested  to  tli0 
astronomer  Olborx  tho  idea  of  a  thirty-foiir-ycar  period,  antl 
led  him  to  predict  a  return  of  tho  shower  in  1S67.    A  few 
Toars  borora  tho  expected  time,  the  subject  was  takea  up  hj 
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Kcwton,  of  Yale  College,  to  wlioee  roeearches  our 
3go  of  tlie  true  cuiiAc  of  t)ic  plionomcDon  in  vtry  large- 
ly' due. 
H    The  plienoraena  of  ebooting-fitars  branch  out  in  vet  another 
^SircctioD.     As  wc  lia^i)  dcsciibed  th»in,  tliuj  are  econ  only  in 
ihe  higlier  and  rarer  re^oiiH  of  the  nunotiphere,  far  above  the 
clouds:  no  eonnd  ia  heard  fix<ni  them, nor  doea  aiiylhing  reach 
Ihe  ititrfaeo  of  the  earth  from  which  the  nature  of  the  object 
can  be  inferred.     But  on  rare  occa!>ion»  nieteora  of  extrento 
brilliancy  are  foHowcd  by  a  loud  soniid,  like  the  dischat^  of 
be«vy  artillery ;  nhilc  on  yet  rurt-r  occasions  largu  inaEfira  of 
metallic  or  stony  siiliatnncea  fall  to  the  enrlh.     These  avrolllee 
Hvere  the  puzzle  of  philoi»])here.    Sotnctimoe  there  was  much 
^noepticiom  r8  to  the  reality  of  the  phenomenon  ititelf,  it  »[>• 
spearing  to  the  doiibtera  more  likely  that  those  who  decicrihed 
such  ihingB  were  mistaken  than  that  heavy  metallic  nia^ce 
elionld  fall  from  the  air.     When  their  reality  was  placed  be- 
yond doubt,  many  theories  were  propounded  to  account  for 
them,  the  meet  noteworthy  of  whieli  was  that  they  were 
thrown  from  volcanoes  in  the  moon.     The  problem  of  the 
motion  of  a  body  projected  from  the  moon  was  investigated 
by  seveni  great  mathematictatts,  the  result  being  that  Kueh  a 
body  could  not  reach  the  cnrtli  unless  projected  with  a  \'eloci* 
ty  imr  exceeding  anything  seen  on  our  planet. 

tWlien  aerolites  were  examined  by  chcmUta  and  minerals- 
{fists,  it  was  found  tltat  although  they  eontained  no  new  chem- 
icat  elementa,  yet  the  combinations  of  these  elements  were 
quite  unlike  any  fonnd  on  the  earth,  so  tliat  tlicy  must  have 
originated  onteide  the  eaittL  Moreover,  these  combioationB 
exhibited  certain  characteristics  peculiar  to  aerolites,  go  that 
tbc  mineralogist,  from  a  eimple  cxamiiialton  and  analysis  of 
a  aobetance,  conid  detect  it  as  imrt  of  such  a  body,  though 
It  bad  not  been  ecen  to  fall.  Great  maitees  of  matter  thus 
Imown  to  be  of  meteoric  ongin  ha\'e  been  found  in  various 
parta  of  tbe  earth,  especially  in  Xorthem  Mexico,  where,  at 
•ome  imlcnown  period,  an  imu>eu«u  shower  of  these  bodies 
seems  to  have  fallen. 
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Ciiae  e/'^AooftiijJtoB.— It  la  now  iiiiivcrsaliy  concwIeJ  tliat 
Uie  celestifll  spaces  are  vron-ded  with  inmimcrablo  niiinite 
bodiM  moving  aroniid  tlio  sun  in  cvcrjr  pot»ible  kind  of  orbit. 
Wli«ii  ve  my  crowdvd,  we  iiac  tlie  word  in  a  i-clativo  E«im; 
tliev  may  not  avera^  moi-e  Uiaii  ouu  in  a  inilliuii  oi  cubic 
niil<.'«,  and  yd  thvir  total  iiuiiibcr  exceeds  all  ailoulation.  Of 
tii«  nature  of  tlio  minuter  Iwdiee  of  tliis  vlas^  uoiliing  i»  oer 
taiuly  kaown.  Bat  whatever  tlioy  may  be,  the  earlli  !»  con- 
stantly ciiooiiiitcriiig  them  ill  it«  tnotioti  around  tlic  >un.  Tlioy 
ai-e  Uiinied  by  passing  tliroiigh  tlie  uppei-  ragioils  of  our  nt- 
tuospbere^  and  tlie  »hooting-&tar  is  simply  tlto  light  of  that 
buniinj;.  Wo  eIibII  follow  l*rofce«or  Nowtoii  in  calling  tliew 
invisible  bodicii  mtteoroi'iv. 

The  question  which  may  bo  a&ked  at  this  Etago  is,  Wliy  are 
tlic«e  bodtv«  burned  I  K£[«oiiilly,  bow  ean  llicy  bum  to  sod- 
dcnly,  nii<l  with  w  intense  a  light,  as  to  be  visilile  huiidreda 
of  miles  iiway !  TIksc  qneetions  H-ere  the  Bttimbling-block  of 
iovcfttigalons  until  tbey  were  answered,  cleerly  and  eoitulitsiTe- 
ly.  by  Ilio  liincfivery  of  the  meelmnicnl  theory  of  beat.  It  is 
DOW  established  that  heal  is  only  a  eerlaiu  form  of  motion; 
tliat  hot  air  differs  from  cold  air  only  in  a  mure  rapid  vibra- 
tion of  it»  nioleciiIp»,  and  that  it  coinmniiicatcs  its  heal  to 
otiier  ))odies  simply  by  striking  tliem  with  it«  tnolccnies,  and 
tbiis  Ectliiig  their  molocnlos  in  vibration.  ConaoqnonUy,  if  a 
body  moves  rapidly  thi-ongh  tJic  air,  the  iiii|>nut  of  the  air 
npon  it  ought  to  heat  it  just  as  warm  air  would,  even  Uioiigli 
the  air  itself  wcro  cotd.  Titis  rvstilt  of  theory  lias  been  cx- 
peri mental ly  proved  by  SirWilliiun  Thomson,  wliu  found  tbai 
K  llieiinometer  placed  in  front  of  a  rapidly  moving  body  riMo 
one  degree  when  tlio  body  moved  through  the  air  at  the  rate 
of  12'>  feet  |>or  second.  WilJi  higher  velocities  the  increase 
«f  temperature  was  proportional  to  Ibe  square  of  the  velocity, 
being  4  degreu  witli  a  velocity  of  250  feet,  16  degrees  with 
one  of  •'>00  feet  per  second,  and  so  on.  This  result  is  in  exact 
aecordanoe  with  the  inechatiical  theory  of  beat.  To  find  the 
effective  teiupemtura  to  wbidi  a  mcteoroid  is  exposed  in  mov- 
ing through  our  atmosphere,  we  divide  its  velocity  in  feet  j>et 
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nd  hy  1S5 ;  tlic  sf^iiftre  of  the  quotient  will  give  (lie  teni- 

tture  in  degrees. 

£t  lis  apply  lliis  [Hnncipte  to  the  caee  of  the  metooroids. 
The  cnilli  moves  in  il«  oi'bit  ftt  the  rate  of  08,000  foot  per 
Mcond ;  mid  if  it  met  n  nieteoroid  nt  rest,  our  Atmoftpliere 
wonid  strike  it  witli  tbis  velocity.  By  the  mile  wo  have  given 
for  the  ril*  of  temperature  (93,000  4- 1 3:»)' =  7*4' =  600,000 
de^reoEi,  nearly.  This  is  innin-  times  any  temperature  ever 
produced  hy  urtifivlal  means.  If,  as  will  eommoiily  be  tlie 
on«o,  ttic  metcoroid  is  nioviitg  to  meet  the  earth,  the  velocity, 
and  tlierefore  the  poteiilial  temperatai-e,  will  be  higher.  We 
know  that  the  metcoraidii  whieh  prodiivo  the  iN'ovctiihcr  ehow- 
ei*  alrea<iy  <Ie*eiibed  move  in  a  direction  nearly  opixiute  that 
of  the  earth  witli  a  velocit;'  of  20  miles  per  seeon(),so  that  the 
relative  velocity  wilh  which  the  nietcoroids  meet  oar  utmob- 
plicre  i*  44  miles  per  second.  By  tlie  rule  we  have  givoii. 
tliis  velocity  corresponds  to  a  tem|)erature  of  between  tliree 
and  four  million  degrees.  Wo  do  not  mean  that  tlio  moteoi*- 
oidti  ai-e  acliially  heated  up  to  thi»  temperature,  hut  that  the 
air  acts  npon  them  as  if  it  were  heated  up  to  the  point  meu- 
lioucd ;  that  is,  it  hums  or  volatiliztti  them  in  less  than  a  sec- 
ond wilJi  an  enormous  evolution  of  light  and  heat,  jnst  as  a 
furnace  vonid  if  heated  to  a  temperature  of  three  million  do- 
gTM*.  It  is  not  at  all  necessary  that  the  body  shonh)  be  com- 
blutJble;  the  light  and  heat  of  ordinary  buniiiig  are  nothing 
at  all  compared  with  the  deflagi-ation  ivhich  »u«h  a  tempera- 
mre  would  eaiisu  by  acting  on  tlio  hardest  known  body.  A 
few  grains  of  platinum  or  ii-on  striking  the  atmosphere  with 
the  velocity  of  l)io  celestial  motions  might  evolve  as  mneh  light 
B'ld  hent  as  are  emitted  by  tlio  burning  of  a  pint  of  coal-oil  or 
several  pounds  of  gunpowder ;  and  as  the  ^vllole  o[)cration  !• 
over  in  a  second,  we  may  imagine  how  intense  the  light  must  be. 
The  varied  phenomena  of  afirolitcs,  mctcoK,  Bhooting-«lun, 
and  meteoric  showers  depend  solely  on  the  nnmber  and  nat- 
DM  of  the  mctcoroids  which  give  rise  to  Uicm.  If  ono  of 
<mtK  bodies  i»  eo  large  and  linn  as  to  {mm  throngh  the  atmos- 
phere and  reach  the  eai-lli  without  being  destroyed  by  th^  po 
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tcntinl  facat,  wo  havi;  uii  ui-rolitc.  As  this  pawapic  m\\j  awn 
jiii's  II  fetv  sccond.s  ()ic  heat  liiwi  not.  tiinu  to  j>etietmi>;  fur  iiit« 
ili«  intorior  of  Uio  body,  but  vxjx^itde  iteelf  iit  nteltiu};  and  vol* 
atiliziiii;  tlic  outer  [lurliuna.  When  the  body  lint  «triko«  th* 
deiiM-i'  {Kii'tinn  of  tlie  atniosjihere,  the  resiatanoe  becomes  M 
eiiuriiioiie  thai,  thu  a<>rultt«  iis  ft-C(]iiciitly  bi-okon  to  pieces  with 
wch  violwiico  thill  it  feeiiM  to  exjilode.  I'nrtlier  t-olor  i*  pvca 
to  tlie  idea  of  an  explusion  by  the  loud  detonation  wliidi  fol- 
loHY,  so  tliat  tlio  cxpWiou  14  frfi<)iii;tilty'  epokoii  of  as  a  £act, 
nnd  11$  iht;  citiiae  of  llie  detonation,  lU*alK',  thoru  ia  ^ood  ran* 
fion  to  believe  that  butli  of  iheeo  pheiioinena  mv  due  to  the 
body  Firikin;;  the  air  with  a  velocity  of  ten,  twenty,  or  thirty 
miles  a  second. 

If,  on  the  otlier  hand,  the  moteoroid  is  eo  Btnall  or  so  fusible 
as  to  be  diMiputvd  in  the  npiKM-  regions  of  tlio  atiuocpherti,  w« 
h«v(!  n  common  AlKK>ting'ftt»r,  or  a  meteor  of  greslor  or  IcM 
briUiftnev.  Very  cai-efnl  observations  have  been  miidc  from 
time  to  time,  M'ith  a  view  of  tinding  the  height  of  lliese  bodiet 
abovo  the  enrth  at  iheiv  ai>))oaroneo  and  di^pjM-'ai-ance.  An 
attempt  of  this  kind  wiis  made  by  the  Naval  Obwei-vatory  on 
the  occaeioii  of  tlio  meleorie  shon-er  of  Kovombcr  IStli,  1$47( 
when  Professor  IlarkncM  was  sent  to  liichmond  to  map  tl« 
(lath^  of  the  brighter  mcteoiii  a«  seen  from  tlial  |>oJni.  Ity 
comparing  the»i  i>alhH  with  those  mapped  at  WosliingtOD,  tlie 
')aralla):es,  and  thenco  the  altitudes,  of  those  bodies  were  d» 
tennined,  Tlie  h'ghtning-liko  rapidity  with  whieii  tbo  itide- 
ore  darted  through  their  eonrw  i-cndci-ed  it  impoitiiblc  to  ob> 
serve  them  with  astroiiomieal  precision;  hnt  the  general  ro- 
»iilt  was  that  they  were  first  seen  at  an  average  huiglit  of  7ft 
miles,  and  disappeared  at  a  height  of  55  miles.  Tliero 
no  poeitivo  ovidcnfo  that  any  meteor  commenced  at  a  heigb 
iTiiieh  greater  than  100  miles.  It  is  remarkable  that  tiiie  oo»] 
nispondit  very  nearly  to  the  grcateot  height  at  which  tlic  mc 
brilliant  meteors  are  ever  fei-lainly  seen.  These  plienomcna 
soem  to  indicate  that  onr  atmosphere,  instead  of  terminating 
nt  a  height  of  45  miles,  as  v>iia  formerly  mppwed,  really  e» 
tends  to  a  height  of  between  100  and  110  mitea. 
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TSo  onlinarj  inoteoM,  wln'cli  wo  muy  *«o  on  e»"CPj'  clear 
sveiiiiig,  inov«  in  every  ilii«vtiuii,  thiu  allowing  that  tlieir  or- 
bits lie  in  all  poeeiblo  ]Hisitiurie,  and  arc  soomingly  Blattered 
eiilirvly  Ht  raiidxMi.  ttiit  tliv  I'JU'V  is  <iuiu>  diffm'cnt  with  thoet> 
inoteoi-oids  wliicli  give  ri»e  ru  meteoric  Bliowera.  lleiv  wo 
bave  %  swanii  of  llieee  Indies,  all  moving  in  tlie  earae  direc- 
:iun  ill  |)!ir«llcl  lines.     If  we  inm-k,  vii  a  cvtcstial  globi^  Uw 


Pill .  M.— MllB^  ;<g(hii,l11n>liittliii{  Iha  ndltlll  paint 

apparent  jioths  of  tlio  meteors  which  fall  dnring  a  6liower,or 
if  wo  suppo«o  tliuin  niarked  on  tlio  celestial  splicre,  and  then 
oontiniic  tliem  hiutkwaixle,  wc  fcliall  Und  tliem  all  to  ineot  in 
the  tome  iwint  of  (he  lieaveiiB.  Tliis  is  call-,'']  the  raJiant 
point.  It  nlwn\»  nppeois  in  tho  same  posittsn,  wherever  th« 
obwrvcr  ia  >4tnatc>d,  and  do(»  uot  parlako  of  tlio  diurnal  109 


104 


rae  solau  srsrisii. 


tion  of  tlio  earth :  thnt  is,  aa  Uie  aUrs  Kem  to  move  towards 
ttic  wort  ill  llieir  diiirnat  course,  tliu  radiant  point  moves  will) 
lliem.  The  point  in  qnvMtiun  Le  purely  tui  ufFoct  of  pcj«|x«> 
ii«c,  being  the  "vnnisliiiig  point"  of  the  parallel  linee  ia 
wliich  tlio  ineteon  reHlIv  move.  Tlieee  Unoe  do  not  appear 
in  their  real  direction  in  tpauo,  but  are  «ecn  a«  proji^cd  ua 
itlio  ocleitiul  ftphprc.  A  good  visible  illiistmtjon  of  th«  effect 
ill  qiie^t.ioii  inny  be  affurded  b/  looking  tipwanis  and  watch- 
ing falling  snow  during  a  calm.  Tliu  flakes  which  aro  fall- 
ing directly  luwaixla  the  observer  do  not  teem  to  move  at  all, 
white  the  &nrroimding  flakes  seom  to  separate  from  them  on 
all  Bidee.  So  with  tho  meteoric  aliowere.  A  meteor  coming 
directly  totirai-ds  the  obterver  docs  not  twom  to  move  at  all, 
and  inarkA  the  radiant  point  from  which  all  the  ottien  moid 
to  diverge.  The  great  importance  of  the  dotonnination  of 
the  radiant  point  nrise«  from  tlic  fact  that  it  rnark»  ihu  dirre- 
lion  in  which  (he  meteore  are  moving  relatively  to  the  earth, 
and  thus  affords  «ome  data  for  detenninittg  tlieir  orbits. 

%  7.  Rdattont  of  Comets  and  Mekonid*. 

We  liave  now  to  mention  a  eeriea  of  investigations  wlitoh 

Llfld  to  tlie  discowi7  of  a  curious  eunnoctinn  l>ehveen  mereor* 

Mdt  and  cometa.     TIic»e  irivealigntioUA  were  connncnceil  by 

Profoaaor  Newton  on  tlio  November  meleorio  diowent.    Ti»- 

cing  back  the  lii»torii-al  accounts  of  tlieeo  showere  to  whieli 

we  have  already  nlhided,  lie  found  that  the  thirty-thrce-year 

period,  which  had  been  suBpected  by  01ber»,  was  ooofirmcd  by 

records  rcucliing  t>ack  a  thoiiEand  yeare.    Mureover,  the  #liov- 

^vn  in  qneetion  occurred  only  at  a  vortnin  time  of  the  year:  in 

1799  and  1883,  it  was  on  November  IStli  or  November  IStli. 

In  oilier  words,  iho  shower  occnrred  only  as  the  earth  pancd 

A  ccrrain  point  of  its  orbit.     Kiit  tbitt  jwint  was  found  r.ot  to 

be  always  the  same^  the  showere  being  found  to  occnr  abont 

I  a  oonplo  of  daj-a  earlier  every  ccntiirj-  as  they  were  traced 

back.     The  ])rincipal   condusionii  to  which  these  facts  led 

were  as  follows : 

1.  Tliat  tlio  swanu  of  mctooroids  whicli  cause  the  Novem- 
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'tbowcn  roToIvo  nroimd  Uic  eiin  \\\  a  dofinits  oi-LU,  w1iic-)i 
inUnecU  Uie  orbit  of  the  eartli  at  the  [wiiit  whicli  lliv  Inltvr 

»pow  pa£Bee  on  Xoretnber  13tb. 
3.  Tlic  point  of  intvncvtion  of  tita  two  oi'bits  mov«a  for- 
mrds  ftluitit  53"  i)er  niinnrn,  or  nearly  n  degree  aod  a  liaif  a 
century,  owing  to  a  cliatige  in  tlie  position  of  the  meteoric 
H  uibiL 

H     3.  Hie  gwartii  of  tneteoroids  is  not  equally  Mattered  all 
HiiroiiDd  their  orbit,  bnt  the  thickest  portion  extends  along 
■bout  ono-fifteonth  of  the  orbit. 

4.  Tlie  earth  meets  thiA  awanii,  on  the  avenigir,  oiii>c  in 
S3.25  years.  At  otiier  times  the  evrariti  has  not  an-ived  at 
tJK>  point  of  crouing,  or  has  already  pn»«ed  it,  and  a  irtuteoric 

t shower  cannot  occur  nnlou  tlie  earth  and  tlie  Hwana  crtiss  nt 
the  same  time. 
FrofcABor  Newton  did  not  definitely  dotei-mino  the  timo  of 
revolution  of  the  inetcont  in  tlieJr  orbit,  but  showed  that  it 
must  have  one  of  five  values.    The  greatoet  of  tltose  valueEi, 
and  tho  one  whit-h  it  seems  most  natui-al  to  selcet,  is  that  of 
tliL-  mean  iiitorvitl  between  thu  sliuwcrH,or  33^  years.     Adopt- 
■  ing  this  period,  It  wonld  follow  that  between  1799,  when 
UnmWIdt  »nw  the  meteoric  diower,  and  !S33,  when  it  was 
seen  throiigliont  the  United  Stfttea,  tlie  swarm  of  meteoroida 
had  been  flying  out  as  far  as  the  planet  Uronns  in  a  ^vr)'  e1- 
lijitiuil  orbit,  and  returning  again.      Hut  the  perio<]ie  time 
might  alao  be  one  year  and  abofit  eleven  dayft.     Then  the 
^np  which  Humboldt  saw  on  Xorcmher  12th,  1799,  woald 
not  i«ach  the  same  point  of  its  orbit  until  N'orcmbi-r  23d, 
^1800,  when  the  earth  wonld  liuvo  parsed  by.     I'nHsing  11  dajTi 
^Uater  every  year,  it  wonld  make  abnnt  33  revolatione  in  34 
^pyeare,  and  thns  wonld  pass  about  the  middle  of  November 
Vonoo  more,  and  another  shower  wonld  occur.    In  n  word,  giv- 
ing exact  numbers,  we  might  sappone  that  in  the  penod  of 
S8J  years  tho  nietooroids  made  ono  revolution,  or  3'2J,  34J, 
fiSJ,  or  )>7^  revolutions,  and  tho  conditions  of  the  problem 
wonld  be  equally  sntii^tied. 
At  tho  aatne  time,  Professor  Xewton  gave  a  test  by  which 
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tlio  Irne  time  conld  bo  delonnined.  As  we  have  eaid,  be 
eliowcd  that  the  iiodo  of  ihu  orbit  vhntif^Kl  its  j>u£ition  &i"  a 
cvnlurr,  and  tlicru  could  l>o  no  donbt  llmt  tlii«  clmnge  wo* 
due  to  the  attriKitioR  of  the  planets.  If,  tbeti,  tbc  effect  of 
this  attractioQ  nxs  calculated  for  vadi  uf  (lie  ti\c  orbit«,  it 
would  bo  ttxn  wliic;h  of  them  wuiild  give  th«  required  chnti^ 
This  was  done  br  Professor  Adams,  of  England,  and  the  reaiilt 
was  that  tho  thir^-throe-j'oar  period,  and  that  alono,  was  ad- 
uii»«iblc 

These  researches  of  Pi-ofassor  Newton  were  pnhlished  iti 
1804,  and  etidvd  with  a  invdiotion  of  the  return  of  the  ehower 
on  Nuvcnibcr  13th  of  one  or  moro  of  tho  three  following 
yvAK — probably  1860.  This  prediction  was  verilied  by  a  ra* 
raarkable  meteoric  ehower  seen  in  Europe  on  that  very  day, 
wliicb,  however,  was  nearly  over  bcfui'C  it  could  become  visi- 
ble in  this  country.  On  tlie  same  date  of  the  year  folkiwini;, 
a  &liower  was  vbiblo  in  this  country,  and  excited  great  publio 
intcjcst.  Fi'oni  tlio  data  deri\'vd  from  tho  tiret  of  these  show- 
ery, Schiaparcllt,  an  Italiim  asti-onomer,  was  led  to  the  di«co\'cry 
of  a  remarkable  relation  between  meteoric  and  comelary  orbita; 
A(dUHiiii{;  the  ]>eriud  of  tho  Novi-iubcr  mctouroids  to  bo  33^ 
years,  he  computed  Ilic  elements  of  their  orbit  from  tho  ob- 
served (Kieition  of  the  radiant  point  A  similar  compntalion 
was  made  by  Ijjven-ier.  and  the  results  were  prt^cntud  lo  tlta 
French  Academy  of  Sciences  on  January  :ilst,  IS^. 

Tliu  exact  orbit  which  time  bodies  followed  thron^h  space, 
croeing  the  t-nrlh's  urbit  at  one  iM>int,  and  extending  out 
beyond  the  planet  Uranus  at  anotlier,  was  thns  ascertained. 
But,  as  these  bodies  wore  absolutrly  invisible,  no  great  intcr- 
«tt  seemed  to  attach  to  thvir  orbit  until  it  was  found  tliat  a 
Domet  was  moving  in  tliat  very  orbit.  This  was  a  faint  tole* 
Boopic  comet  discovered  by  Tompel,  at  Mareeilk-s,  in  Decern- 
bor,  1S6&.  It  was  aftorwards  indepciTdeiitly  di#co^'ered  Oy 
Mr.  U.  P.  TntUe,  at  the  Naval  Observatori',  Washington.  It 
jnssed  its  perihelion  in  January,  and,  roocding  from  tlic  bud, 
vaniuht'd  from  sight  in  Mnruh.  It  was  e<>oii  foimd  to  move 
in  an  elliptic  orbit,  but,  owing  to  tlie  uncerlaiiity  of  obeerv» 
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tions  on  siidi  a  UhIv, 
tbere  was  at  tii-at  some 
(Itsajcreetneut  as  to  die 
oxuit  [luriodic  tiiiio. 
11)6  enliject  was  tak«ii 
lip  by  Dr.  Oppoizcr,  of 
Viutinn,  who,  in  Jinit' 
Hrv,  1S67,  was  able  to 
|>i'eeent  a  detinitivo  ot^ 
bit  of  the  comet,  whivli 
viti  pnbii&licil  in  tiie  A»- 

on  the  S-<!tIi  of  that 
inontb.  Wb  how  pro- 
sunt  Uio  orbit  of  llio 
uonict,  iw  found  bv  Oji- 
polzer,  and  that  of  tlio 
metoore,  u  found  by 
liOvcrriei',  lu-emiBing 
t]iftt  tliesc  orbits  were 
ootnpiited  nnd  pabli»b- 

cd  witliiti  a  few  days 

Pi»  Wc-Odfll  of  No«"il«<  oMiiun  and  Uie  eatatl   *•'  **<J>   OtllCr,  withollt 

"f**"-  any  knowledge  on  rlie 

.  of  eitlier  astroiioioor  of  the  result*  olitained  by  the  otlier: 


U  q?; 


Of 


dUPif 


f^ 


n<Q-Brt. 

U-if^-lilt- 

S8.I8  vn. 

O.O0M 

0.9TGa 

188*  iS" 

SI*  26' 

*9*St' 

83.35  Trt. 
0.9014 
O.OSDO 
1B.V  10' 
SI'  Id 

Neur  nodo. 

^!nie  Einiilni-ity  of  th(>sc  orbiU  ia  too  striking  lo  bo  tlie  rociult 
of  chance.  The  only  element  of  which  the  vahiea  differ  nift- 
terially  is  tlwj  indinalion,  and  this  difference  procecdH  from 
Lovorrior  not  Imviiii;  used  a  very  exact  position  of  the  radianl 
point  iti  inaking  hia  computations^  Profoeeoi'  Adams  found 
by  a  eimilar  calculation  that  the  inclination  uf  the  orbit  of  tjie 
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mctooroids  was  163°14',oii1r  Imlf  a  d<^rco  different  fi-om  tliit 
uf  the  orbit  of  Teiuiwl's  comet.    The  roiiilt  of  these  inveatigft- ' 
tioits  WHS  na  follows ; 

7%«  Nowmber  mtltoric  t^owen  aitK/inm  the  «trO»  auyiunterinj 
a  warm  o^  parA'cfas  Jblhwing 
TfJiipcts  comd  in  t'U  aihit. 

When  thU  fact  came  out. 
Schiaparelli  had  been  M'orking 
on  the  eamc  subject,  a»d  had 
come  to  a  eimilar  cotidneion 
with  regai-d  to  another  group 
of  iiiotoors.  It  had  long  bocii 
known  that  about  Aiigiiiit  9tli 
of  everj-  year  an  lUiiiHiial  num- 
ber of  motooni  ehoot  forth  from 
tlic  conatellation  PerMtns.  At 
times  the«e  »bowere  have  been 
inferior  only  to  tlioeo  of  No- 
vember. Thns,on  August  9th, 
1798,tIioy  siiccoutiud  each  oth- 
er so  rapidly  as  to  keep  the 
eye  of  the  oliservci- almost  oon- 
Btantly  engaged,  and  several 
h)iii(]i-od  may  nearly  alvriiys  bo 
vounlod  on  the  nights  of  the 
fltli,  lUth,  and  11th.  These 
AtiguEt  motcoFB  are  remarka- 
ble in  that  tlioy  leave  trail*  of 
luminous  vapor  wliich  often 
last  several  seconds.  Assuin- 
!ng  the  orbit  of  this  group  to 
be  a  parabola,  it  was  calcnlnted 
by  SchiapRrelli,aiid  is  snbsUtii- 
tlally  the  same  with  that  of  a 
comet  observed  in  1.S62.  Tlio 
following  arc  the  clemeiita  of 
the  orbits  of  the  tvro  bodiee :       pm.  n.-orbn  ortba  Momd  con«t  cfUK 


oBllI_£^J!«"B, 


!ii-i^-^i'« 


„tjr.iM„ 
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CmdD., 

IN*. 

M«M 

O.W«tf 
118'  x.r 
IS7'  27 
U4M1- 

116"  W 

lao'  16' 

US'  3S' 

LonBlluil*  of  iliii  iwnliHtnn 

U  appcftn  tliut  the  AiigiiHt  ineteor»  are  (»ii»«d  hy  a  long 
Biream  of  bodies  following^  tbe  second  comet  of  1^3  in  it« 
orbil.or,  mtlicr,  iiioviiij;  iu  tlic  eanie  orbit  with  it.  Tlie  orbit 
H  of  dm  coiii«t  id  (leuiiJ«(lly  olIi|>tio;  Ibe  diffvronoQ  from  tiie 
'  paraMa  is,  however,  too  small  to  bo  dolermiiied  witb  great 
prcciEiuii.  According  to  Opiwlxer,  lliu  period  dui'ived  from 
tbe  olwervalioiift  would  be  124  ye»n,  which,  however,  uuiy  be 
ten  }'earH  or  more  iu  eri-or. 

A  tbird  striking  vmo  of  tlio  coiiii(>ction  l>ctwce»  comets  atid 
meteors  wliicb  we  are  showing  is  afforded  by  tbe  actnal  pre- 
dictiou  of  a  meteoric  shower  on  the  night  of  November  2Tth, 
1873.    I  Iiftvo  Already  dcseribed  Biola's  L-oiiiet  as  first  break- 
ing into  two  pieces  and  then  ontiivly  di«ippcftring,  as  though 
its  parts  had  becunio  goinpletcly  scattered.     Tliia  is  one  of 
tltc  few  eoinets  wliich  may  come  very  near  the  oarlh,  tlie  lat- 
Aler  pnuing  the  orbit  of  the  oomet  on  Novcniher  S7th  of  each 
year,     liy  calcnlation,  the  comot  should  liave  passed  lite  jwJnt 
of  crossing  early  in  September,  1873,  while  the  earth  readied 
■  tlic  same  point  between  two  nnd  three  months  later.    Jiidg- 
B  iug  from  analogy,  thei-e  was  every  iiiason  to  bcliovc  that  the 
Henrtli  would  encoimtor  a  eti-caiii  of  nicteoroids  con&isting  of  tha 
H-reinaiiis  of  the  Io«t  comet,  and  that  a  small  metcuric  shower 
vould  be  the  reftnlt.     Moreover,  it  was  shown  that  the  incte- 
ors  would  all  dixei^  from  a  (.iirlain  )H>int  in  the  constellation 
Andromeda,  as  the  radiant  point,  because  that  wonld  be  the  di> 

»rectIon  fi-om  which  a  body  moving  in  the  orbit  of  llic  comet 
Would  seem  to  come.  Tlie  prediction  wsn  fully  verified  in 
every  respect.  The  metcora  did  not  compare,  either  in  num- 
bers or  brilliancy,  with  the  gi-eat  displays  of  November ;  but, 
tliough  (aiut,  tlioy  aucccedod  each  other  so  rapidly  that  the 
BlDOBt  casual  observer  could  not  fail  to  notice  them,  and  they 
all  moved  in  the  nredicted  dii-ection. 
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TLat  Ihe  metcoraida  in  ihese  cftses  originitllj-  belonged  to 
tliocoiiict,  few  willdUptitti.  Ac-c(>(>lin<;tliie,t)iu  ]))icnoni«ii*  vt 
the  November  tJiou'ei-^  lead  Iv  i)ic  vuiiclu^ioii  tliat  tlie  comet 
of  t$66,  witli  Kbic-li  llicy  .ni'e  lu^ociatcd,  was  nut  An  ongitnl 
member  uf  our  s^'stciii,  biiL  lins  bouu  uddud  tu  it  within  h 
tiiiiu  wliidi,  nstroiionucnlly  Mtx-Kkiiij;,  U  itill  rovetit.  The  Mrji- 
arate  mcleot'oids  wliicli  fonii  the  stream  will  neoefisarily  liAUt 
slightly  differciit  iwriodie  timoB.  Siidi  being  the  case,  Ihoy 
will,  ill  tlifl  eourec  of  niBity  i«volulione,gniiltinnvM-Alierthetii- 
aelves  amnnd  tlieir  eutire  orbit;  and  then  tro  fcliall  have  o.n 
v(\»b]  meteoric  sliuwer  on  cvvry  13tb  of  Kovetiibor.  Thia 
complete  scntloriiig  sccm«  to  linvc  aetiially  tnken  )>lnco  in  the 
ca!^  of  tlto  Aii|;tiat  meteomidi),  siiioo  we  have  nearly  tho  Eiiitio 
eort  of  eliowcr  on  every  9th  or  lOih  of  August.  But  in  llie 
ca^  of  ihc  Xovoniber  meteors,  Ilic  ^ti-cam  is  not  yet  ^i-atlen-d 
over  one-tent)i  of  ihe  orbit.  If  wc  ttiipjiosc  that  iJie  motions 
of  the  slowest  and  tho  itwiFte!>t  hodieo  of  the  otrcam  only  dif- 
foi"  by  a  tbouEandtli  part  of  thotr  whole  ainoiiiic — which  is  not 
an  nnrensoimble  «ii[i|>o«itiun^it  woidd  follow  that  the  stream 
had  only  made  about  100  revolutions  nmimd  Iho  »nn,  and  had 
thcrufoni  been  ii-volviugonly  about  3a00  years..  Thonvli  ihU 
iiiiinbcr  is  pnrely  hyj)othetit^'al,  wu  may  eay  with  contidenee  i 
that  the  etrcam  has  nut  lit'c-n  in  existcnue  many  thoiKnnd' 
yeari. 

niis  opinion  is  *t]'ongIy  8in>porttd  by  tho  fac-t  that  the  orbit 
of  this  meteoric  comet  payees  wry  near  that  of  rraiiiis  as  well 
as  tliat  of  tho  oai-th,  so  that  there  is  reannn  to  l>clieve  that  it 
wa«  introduced  into  onr  sy^^loni  by  the  alti'nction  of  oitc  of 
the^e  planets,  pmbalily  of  limiiiiH.  If  tlic  comet  in  seen  on  its 
next  return,  in  1S80,  wu  may  hope  that  its  periodic  tim«  will 
b<!  determined  with  snllicicnt  accuracy  to  enable  ns  to  iix  with 
EOnie  probability  the  exa<;t  date  at  which  irmnuit  brought  it 
into  our  fivsteni.  Indeed,  Loverricr  has  attempted  to  do  this 
already,  luiviiig  fixed  u]>oii  tho  year  ISO  of  otir  era  a$  tli* 
prolmble  dale  of  this  event;  but,  nnfoi-tnnutcly,  neither  the 
position  of  the  orbit  nor  Iho  time  of  revolution  is  yet  known 
with  such  aeciii'aoy  as  to  inspira  oonlidenec  in  this  I'esulU 
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r)io  idea  that  this  November  gronp  ic  eomcthin^  coinimm. 
lively  new  is  atrengtliened  by  a  uompnrison  witli  tlial  hIiicU 
prtMliious  tbo  August  uietooi-s,  whcra  wu  tint]  a  drnJcil  timrk 

■of  untiquity.  Ilci-e  tliu  swiftest  of  the  [;i-<>ii{i  liiisjii  tlie  ouiiriM) 
of  iiuiiierous  revolutions,  ovoi-taken  the  elowoat,  so  tliat  ttie 
group  is  DOW  spread  aluoet  equatly  aivund  iho  flrilira  orbit. 
Tlw  time  of  revolution  buiu-;,  in  tliis  uul\  nmru  llian  a  cen- 
tury, lliig  eqnni  distribution  wonlil  take  ii  inucli  lonj^r  time 
tl>an  in  tlio  oilier  case,  wliero  tbe  period  is  only  tbirty-tliroe 
yeara;  to  tbat  wo  fan  eay,  with  vonsidcrablo  probability,  tliat 
tbo  AiignM  group  liiu  been  iti  our  «y6lem  ai  Icaat  Iwunty 
times  as  long  as  tlie  No^'ember  gronp. 

f§  8.  T/if  Phyaktd,  (hmtUutt'on  of  G>meta. 
A  theory  of  tlie  pliyHical  coiiatit4ition  of  oomet«,  to  t>e  both 
eoniplete  and  satisfactory,  must  be  founded  on  the  pmiwrtics 
of  matter  as  niado  known  to  ns  here  at  the  siirfacu  of  ihc 
earth.  That  ia,  we  must  show  what  forms  and  what  combina- 
tions of  known  snlistanees  would,  if  projected  into  the  celaa- 
_  tisi  spaci-s,  present  the  appearance  of  a  c-omcl.  Now,  Uiis  has 
^ncvcr  yet  boon  c-umplelvly  done.  Tbcorica  wilhunt  innnbcr 
Iiave  been  proiwnudud,  but  rhcy  fail  to  explain  some  of  the 
phenomena,  or  explain  them  in  a  manner  not  consistent  with 
the  known  laws  of  matter  or  force.  Wc  eauuot  stop  oven  to 
mention  mo«t  of  tlicac  theories,  and  ghal)  therefore  contiiie  our 
attention  to  those  propositions  which  aro  to  some  extent  etis- 
taincd  by  fiiets,  and  which,  on  tlie  whole,  seem  to  have  most 
probability  in  their  favor. 

The  simplest  form  of  these  bodies  is  seen  in  tbo  telescopic 
comets,  wliiuh  eoiii^i«t  of  minute  particle*  of  a  elondy  or  va)Kir- 
o*t«  nppcaranee.  Now,  we  know  that  nuu^s  which  present 
this  appearance  at  the  sm-face  of  the  earth,  where  u-c  can  ex- 
amine lliein,  are  composed  of  detached  particles  of  solid  or 
Hlirjiiid  matter.  Clonds  and  vapor,  for  instance,  are  composed 
"of  rainnio  drops  of  water,  and  smoko  of  very  niinnto  particloa 
of  carbon.  Analogy  would  lead  ns  to  suppose  that  the  lelo- 
■oopic  comets  are  of  ^Jie  same  constitution.    They  are  gener 
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ally  tens  of  iJioiisnndR  of  mtln<i  in  dininctor,  ftiid  vot  of  fliicli 
tenuity  that  tlie  smBlleet  etara  iirc  oeen  tlintugli  tlicin.  Tlie 
BtrongoEt  evidoiicQ  of  tliis  coiietilntion  to,  liowe\^:i-,  afforded  liv 
tlie  plwDoiitenn  of  mutvuHc  vliuwers  tlML-i-Ibcd  in  tltu  la&t  ieo< 
tion.  We  have  teen  ttwt  titene  nre  naii«ed  by  our  atinoe4i)Krre 
encoinitci-ing  the  diJbris  of  coinetH,  and  tliis  d(!bri6  jireeents  it- 
eolf  in  the  fonn  of<]ctaclicd  niotuoi-oids,  of  ^"Cry  einall  inagni^i 
tude,  Init  buiidi'edi  of  milc^  iqnuit. 

The  only  aUvrnutive  to  this  tb«oi-y  is  that  the  comet  u  a 
man  of  true  gn»,  vimtinitoiia  tbroiij^liont  its  wLolf  extent. 
This  goseons  theoiy  derivoA  itit  iniiiii  Mtpport  from  the  t[>cu> 
tK>BCMj{>c,  wbicli  chows  thu  epectrum  of  the  telescopic  comets 
to  conFidt  of  bright  bniids.  tlic  mark  of  an  iiicandoweiit  gat., 
Moreover,  tlic  resemblance  of  ihenc  bniid#  to  those  i>rodnoed 
by  tlie  vapor  of  carbon  is  so  atrikiiij;  that  it  is  quite  ooiuiuon 
among  spcctroecopiMs  to  speak  of  a  i^'oiiK-t  as  oonftisting  of 
tile  gas  of  «on)e  of  Iho  coinpoiinde  uf  onrbon.  But  there  am 
several  ditUcnltie*  which  look  ii»ii|>erable  in  ttic  way  of  the 
theory  timt  a  comet  is  nothing  bnt  a  mass  of  gas.  In  the 
firet  plavc.  tho  elastic  force  of  snob  a  mass  tronld  cause  it 
to  expand  beyond  nil  liinile  when  plncred  in  a  {loaition  wl»ers 
tliere  is  absolntely  no  preasnre  to  cuntinc  it,  as  in  the  celestial 
spaces.  Attain,  a  gas  cannot,  so  far  as  experiment  lias  evi^r 
gone,  shine  by  its  own  light  nntil  it  i»  heated  to  a  high  tem* 
peratitre,  far  nbot-e  any  that  can  possibly  exist  at  distanceti 
from  the  enn  so  great  as  tho^e  at  which  eomet«  liavc  beAo- 
situated  when  under  examination  with  Iho  upecti'Oicope.  Fi- 
nally, in  the  event  of  a  pnrely  gaseous  comet  being  broken 
ap  and  di^ipated,  as  in  the  case  of  liJela's  cowet~it  i«  hardly 
pce^ble  to  snppoiie  that  it  would  separate  into  innumerabla 
widely  detached  piccos,  as  this  comet  did.  Tlie  gaseous  the- 
ory can,  tlici'efore,  not  be  i-cgardcd  an  satisfactory.  It  may  be 
that  oonieta  will  hereafter  be  found  to  consist  of  some  combi- 
nation of  solid  and  gaseous  matter,  the  exact  nature  of  which 
is  not  yet  determined ;  or  it  may  bo  that  this  matter  i«  of  a 
nature  or  in  a  form  wholly  unlike  anything  that  we  nre  ae- 
qnaint/'d  with  or  can  pi-odiico  hero  on  the  eailh.    At  tliecaWi 


TUB  PHYSICAL  CONSTITVTIOX  OF  COIIHTS. 


413 


I 


now  lilaiids,  we  niuMt  rv^trd  the  e[wi-triini  of  a  comet  as  &oin«- 
tiiing  not  jet  eati&factorilv  accouiiletl  for, 

Vfbea  WD  turn  from  tvli»co)>ic  comots  to  tlioee  brilliant 
once  wliiuli  exhibit  a  nucleus  uiid  a  tail,  wo  can  traco  L-(>rluiii 
operations  which  are  not  Been  in  tlie  caae  of  the  others.  What 
the  nnulflus  ifl — whether  it  is  a  solid  body  several  hundred  milee 
in  diameter,or  a  dcttso  tnoas  of  thu  nnio  materials  wliicli  com* 
^oto  a  toleecopio  comet — we  am  quite  unable  to  mv.  But 
tltere  can  hardly  be  anjr  reasonable  donbt  that  it  is  cumjK»ed 
of  some  snbetanco  n-hich  is  vaporized  by  thu  licat  uf  tliL^  solar 
rvf*.  The  head  of  siidi  a  comet,  when  eai«fully  exnmincil 
with  llie  telescope,  U  fonnd  to  be  composed  uf  sueoesaivo  en> 
velopes  or  kyera  of  vapor;  and  when  llifsi;  fin.'  i.  -  uro 
walL-hed  from  niglit  to  night,  tlivy  are  found  to  W-  -i  i n  :tily 
rising  iipwarda,  growing  fainter  and  more  indistinct  iu  out- 
line as  thev  attain  a  gj-eater  elevation,  until  thi.-v  aro  lost  in 
tlie  ontUiiig  parts  of  thu  coma.  Those  rieiiig  niasKis  form  iho 
fnn-»Ita)>ed  appenda^  d&»vribcd  in  u  preceding  i«utioii. 

TIio  eli-ongcst  proof  that  some  evajioralin^  )in)(:ei»  la  going 
on  from  the  nndcue  of  llie  comet  is  afforded  by  tlie  movo- 
loenta  of  the  tail  It  lias  loiig  been  evident  tliat  the  tail  conld 
not  l>e  nn  apjiendage  which  the  vonict  carried  along  with  it, 
and  this  for  two  reasons:  firet,it  is  impossible  that  there  could 
b«  any  colicaioii  in  a  ma««  of  matter  of  such  temiity  tliat  the 
smaltcst  stars  could  be  seen  through  a  million  of  mile«  of  it, 
and  which,  besides,  constantly  changes  its  fonn ;  secondly,  aa 
a  comet  Hies  around  the  smi  in  its  immediate  neighborhood, 
the  tail  npitcKiiA  to  move  from  one  side  of  the  sun  to  another 
with  a  rapidity  which  would  tear  it  to  pieces,  and  send  the 
septtl'atc  parts  flying  ofF  in  hyperbolic  orbits,  if  the  movement 
were  real.  The  inevitiible  conoliiftion  li  that  the  tail  is  not  a 
tued  appendage  of  tite  comet,  wbiuli  the  latter  carries  with  it, 
bnt  a  stream  of  vajwr  rising  from  it,  like  smoke  from  a  chim- 
ney. As  tlie  lino  of  smoke  whidi  we  now  see  coming  from 
the  diimncy  is  not  the  same  which  we  e&w  a  minute  ago,  be- 
caitso  tlie  latter  bus  been  blown  away  and  dissipated,  so  wo  do 
Dot  MO  the  same  tail  of  a  comet  all  the  time,  because  the  nnit- 
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ter  which  makce  up  Uic  tnit  is  constantly  strokmlng  outward^ 
and  constantly  ]:>i>ing  replaced  by  new  rapor  rising  front  th« 
niicteua.  Tlio  ovaporaliou  U,  no  donbt,  doe  to  tlw  licat  of  the 
Ban,  for  thoiv  van  l>e  no  eva|)onitio»  witJiont  heat,  and  the 
taiU  of  oomele  inei-easo  enormously  as  they  appiiwch  the  sun. 
Allogotlior,  a  good  idea  of  the  operations  going  on  in  a  comet 
wit)  bo  obtained  if  wo  conceive  tiic  niiulcuH  to  bo  composed  of 
water  or  otlier  volatile  fluid  which  is  boiling  away  nnder  llie 
beat  of  tlie  sun,  wlitlo  the  tail  is  a  column  of  steam  rising 
fi-oin  it. 

Wc  now  meet  a  question  to  which  science  has  not  ret  hoeii 
able  to  return  a  conclusive  answer.  Why  does  this  maae  of 
vapor  always  fly  away  from  the  sini  {  Tlial  the  matter  of  the 
comet  ehonld  )iu  vajwrized  by  the  oiiii'i*  rays,  and  tJtat  Uic  tin- 
cleiis  shoidd  thns  l>o  enveloped  in  a  cloud  of  vapor,  is  perfect- 
ly natural,  mid  miliivly  in  accoi-d  with  the  proiwrties  of  mat- 
ter which  wc  obtervo  aioiind  uis  Hut,  nccordinj;  to  all  ktiown 
laws  of  matter,  this  vapor  should  remain  around  the  head,  ex* 
oept  that  the  outer  i"»rtiutis  would  l>o  gradually  detat^'hvd  and 
thrown  off  into  HOpurato  orbits.  Tlicre  is  no  known  tendency 
of  vapor,  as  seen  on  the  earth,  to  recede  from  the  sun,  and  no 
known  reason  why  it  should  so  roecde  in  tl»c  celestial  iipnces. 
Various  theoncs  have  Ikicii  propounded  to  account  for  it ;  bnl 
M  they  do  not  rest  on  causes  which  wo  have  vorifled  in  oiher 
ca-«e!>,  thoy  inn^t  be  regarded  a-t  purely  hypotheliira). 

The  flret  of  these  explanations,  in  tlie  order  of  time,  is  doe 
to  Kepler,  who  coiiouivod  the  matter  of  tlio  tail  to  be  driwn 
off  by  the  impnbion  of  the  solar  ritys,  which  tlniti  bleacli«d 
the  comet  as  they  bleach  clotlis  heie.  If  li»lit  were  an  emis- 
sk>n  of  matcriiil  particles,  as  14'ewton  stipposod  it  to  be,  ihia 
view  would  Imvo  somo  plaueibility.  Iltit  light  i«  now  oon- 
coived  to  consist  of  vibrations  in  an  ethereal  mednim :  and 
there  is  no  known  way  in  which  Ihey  could  escrt  any  propd- 
ling  force  on  matter.  Two  or  throe  ycAr«  ago,  it.  was  for 
a  while  snpposed  that  the  "  radiometer"  of  Mr.  Crookca  might 
really  indicate  such  an  action  of  the  solar  rays  upon  mailer 
in  a  vacuum,  bnt  ic  is  now  found  that  tbo  action  oxiuhitod  is 
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Fwaity  dne  to  a  minate  c[nantity  of  air  left  in  t}ie  Inslnimciit. 
Had  Mr.  Crookcs  ehowu  ttiat  tliu  motion  of  UtB  radiometer 
vrae  reallv  due  to  the  impulsion  of  the  solar  raj-e,  wo  might 
be  led  to  tlio  i-emarkable  conclusion  that  Kepler's  tlioorr. 
tfaoagli  rejected  for  more  than  two  ccuturies,  was,  after  all, 
quite  nCMT  the  troth. 

Sir  lea^ic  Newton,  l«ing  the  antlior  of  the  emission  llieor/ 
of  light,  eoulil  nut  disi>ulu  tiic  po66ibiUty  of  Kepler's  viewa 
being  oorrecl,  hnt  nevertheless  gave  the  prcfcronco  to  aiioth- 

■  er  hypotbeeig.  He  coD<:cived  the  c-eleetial  epaoes  to  be  fiUod 
with  a  very  rai'C  nicdimn,  tliroiigh  which  the  sun's  ravs  passed 
without  heating  it,  as  they  pai^a  tlirough  cold  air.  Hut  the 
comet  being  warmed  np  by  Uio  raye,  the  mcdinm  surrounding 
it  is  U'armcd  up  by  eontact,  and  thus  a  wann  current  is  sent 
out  from  tile  comet,  just  as  a  vnrrent  of  warm  air  rises  fi-om 
a  heated  body  on  the  surface  of  the  earth.  This  ciin-ent  car- 
ries tliv  va]>or  of  the  comet  with  it,  and  thus  gives  rise  to  the 
tail  in  the  same  way  that  the  current  of  warm  air  rising  from 
a  chimney  carries  up  a  column  of  smoke.  It  has  long  been 
cMabll^hcd  that  Oiere  is  iio  modiuni  in  the  planetary  spaceK 
ia  which  such  an  effect  as  this  is  possible :  Newton's  tlicuty 

th,  therefore,  no  longer  cunsidei'ed. 
In  rveent  times,  Zollnor  has  endeavored  to  acconnt  for  the 
tail  of  the  comet  by  an  electrical  action  between  the  sun  and 
the  vapor  rising  from  the  nucleus  of  the  oomet.  The  various 
papers  in  which  he  lias  elaborated  his  views  of  the  eonetitu> 
tion  of  oometa  are  marked  by  profound  ix^carch ;  and  wo 
mnst  regard  his  tlicorics  as  those  which,  on  the  whole,  most 
completely  explain  all  tlie  phenomena.  But  they  still  lack 
tlie  one  tiling  needful  to  secure  their  reception :  thoni  is  no 
evidenoe  tliat  the  sun  acts  ns  an  electrized  body;  and  untit, 
Rueb  evidence  is  adduced  by  experiment,  or  by  observation  on 
otJier  bodies  tlian  oomels,  the  electric  theory  of  the  comet's 

■tail  can  only  be  regarded  as  a  more  or  lea*  probable  hj-potlie- 
ti*.     Indeed,  some  physicists  claim  that  any  siii^h  electric  ac- 
tion in  the  ])!anetary  spaces  is  impossible.    Before  any  tlieory 
LCon  be  definitely  settled  upon,  aceurate  observations  mnst  be 
T  ■  28 
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mode  npon  the  taiU  of  comets  wiUi  a  view  of  kuning  tbs 
law  sooording  to  whidi  tlto  vapor  i«  ropullod  from  the  wn. 
tSiich  otwcrvatioiia  were  mode  hy  ilessel  on  Ualle^-'s  comet  in 
1835,  And  by  varions  observers  on  tite  ^at  ootnct  of  IS&S. 
The  former  were  iuvtetigatcd  hy  iJcsacl  LiuiM:lf,  and  the  lat- 
ter by  Bcvcml  »mthetuniicinn«,  among  iheni  FrofesAor  Peiroe, 
whoiw  results  are  foand  in  a  pa{>er  cocimunicatcd  to  tlto 
American  Academy  in  ISaQ.  lie  found  tliu  repnlHive  foi-c« 
of  the  HQti  upon  tiio  ]iailiules  wliich  form  tlie  front  ed^  of 
the  tail  to  be  1^  times  its  attractive  forco  upon  ordinary 
bodtoB  at  the  same  dietaneo.  It  geeiucd  c>>n»tuntly  to  diniiindi 
••a  the  back  edge  of  the  tail  was  appi-oached;  bat,  owin^  to 
the  poor  definition  of  this  edge,  and  the  unt-ertainty  wh<?llierit 
was  conipoeed  of  a  (.'ontiiuious  ati-ouiii  of  particles,  the  aniuunt 
of  tbo  diminution  could  not  be  aci-tiratuly  fixed.  The  »»e- 
ccwivo  eni'elo|>ea  were  fonnd  to  aKcend  uniformly  luwards 
the  finn  at  the  rate  of  ahoiit  thirty-five  niilee  an  hour.  Bond, 
from  a  carofu)  examination  of  all  tlie  observations,  was  led  to 
the  rc-snit  that  the  rate  of  aeucut  diminisbod  a»  tlio  beij^t 
became  greater. 

Tlte  qnettlon  ia  fre(]nently  aakcd.  What  would  be  the  effect 
if  a  comet  dionlJ  strike  the  cartlil  A  snfficicnt  answer  is  that 
the  event  i«  too  fur  beyond  reasoDsble  probability  to  give  any 
interest  to  tlie  subject. 

§  0.  ne  Zodiacal  light 
This  object  oonusts  of  a  very  soft,  faint  column  of  light, 
■which  may  be  Been  rising  from  the  weetem  horua>n  after  twi- 
light on  any  clear  winter  or  spring  evening:  it  may  ako  be 
seen  rising  from  tJto  eaeteni  horizon  just  before  daybreak  in 
the  sammer  or  antiimn.  It  really  extends  out  on  e^oh  side 
of  the  aim,  and  lies  nearly  in  tlio  piano  of  the  ecliptic  T)io 
reaaon  it  cannot  bo  well  seen  in  the  summer  and  antiimn 
evenings  is,  tlint  in  our  latitudes  the  conrse  of  the  oeliptio  in 
the  soutb-weet  is,  dnring  thoee  Kcotons,  so  near  the  horimn  that 
the  light  in  question  is  extinguiahed  by  the  great  thicL-neiw  of 
atmo^ere  tlirougli  wliiuh  it  has  to  pafia.    Xear  the  eqoator. 
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wIiCi-o  tlic  ecliptic  always  rises  high  abova  tlie  horizon,  the 
liglit  c-jiii  l>e  seen  nlMtit  eqitnlly  wvll  nil  tlio  year  ronntl.  It 
growa  fainter  the  farther  it  is  from  the  sun,  and  oaii  genei^ 
»lljr  be  traocd  to  about  90°  from  that  luminarv,  when  it  grad- 
ually fade*  nway.  litit  iti  n  vt^ry  olcar  utmoephoro,  hctwvcu 
the  Iropicii,  it  )iaa  been  traced  all  tJie  way  across  the  heavens, 
from  Cast  to  west,  tlnu!  formttig  a  complete  ring, 

8udi  its  tlio  zodiacal  light  as  it  «]i[)inir»  to  tlic  oyc.  Pnt- 
ting  tie  appearances  all  togfillier,  ^ve  may  fiec  that  it  i*  due  to 
a  IcttG-ehapcd  appcndu^  of  eoinu  sort  surrounding  the  snn, 
and  extending  out  a  little  beyond  tlie  eartli's  orbit.  It  lies 
rery  nearly  in  llio  plane  of  the  ecliptic,  but  it&  exact  jtositioii 
Scidt  to  dotormino,  not  only  owing  to  its  indistinct  oiit- 
iic,  but  bcvaiiMJ  in  nortlicni  hititnde«  the  soiitliern  edge  will 
be  dimmed  by  the  greater  thickness  of  atmosphere  tlu-oiigh 
which  it  is  ecun,  and  thus  the  light  will  luuk  farther  north 
tliau  it  really  is.  The  natnre  of  the  flnbatani'e  frain  which 
this  light  emanates  is  entirely  unknown.  It£  spectrum  has 
been  vxauiint'd  by  seroral  obeorvcrs,  some  of  whom  have  re- 
ported it  as  consisting  of  a  single  yoUow  line,  and  therefore 
arising  from  an  incandescent  gas.  Thia  would  indicate  a  lea* 
ticnlar-shaped  atRioe(>)iere  of  inconceivablo  rarity  snrrounding 
tlto  eun,  and  ostcnding  out  near  the  plane  of  the  ecliptic  be- 
yond Uie  orbit  of  tlie  earth.  Hut  Professor  Wright,  of  Vale 
College,  who  has  made  the  most  careful  observations  of  this 
cpoctruin,  iiuds  it  to  be  continiioua.  For  tcvcml  reoeone,  too 
minnto  to  enter  into  now,  this  observation  seems  to  the  writer 
more  likely  to  bo  correct.  Accepting  it,  wo  should  ho  led  to 
the  conclusion  tliat  the  phonomonon  in  qae«tion  i«  due  to  r(^ 
fleeted  onnlight,  i>robably  from  an  immense  cloud  of  meteor- 
oida  filling  up  the  space  between  tltu  earth  and  sun.  But  for 
titer  reeoarehcs  must  be  uiade  befoi-o  a  conelnaive  nsutt  uiii 

be  reached. 

One  important  qnestion  respecting  tlie  zodiacal  light  is  sug- 
gested by  the  motion  of  the  perihelion  of  Mercury  already 
described.  This  motion  seems  to  prove  one  of  two  thing»; 
cither  that  llie  sun's  gravitation  does  not  strictly-  follow  the 
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law  of  the  invono  sqoftre  of  the  dMaiicc,  or  tliat  tlioro  u  & 
mass  of  matter  of  tomfl  bind  between  tlio  eaiili  and  thu  »ub. 
Cun  tliis  iiMtter  be  that  from  which  tlw  "zodiacal  light"  is 
i-eflectedl  It  is  iinpoeeibic  to  make  a  )H>siti\-o  nmwcr  to  t)ii« 
quosliuii. 

Anotlior  m^'Eterioiifi  ph«iioin<Mioii  aeMxnatM]  with  the  sodi- 
Acal  tight  i«  known  bv  it8  (tvnnati  a]i{>ellation,  the  Gegen- 
«chein.  It  is  said  lliat  in  that  point  of  the  hcavena  directly 
opposite  the  sun  thoro  ie  an  olliptii»il  patch  of  light,  a  few  de- 
grees in  extent,  of  %w\i  exli-etne  fiiinlnes«  tlmt  it  can  be  seen 
only  by  the  most  sensitive  c>-ce,  tinder  the  beet  conditions,  and 
throngh  tlie  vioarwt  atniotphero.  T}its  phenomenon  seetna  to 
difficnit  to  account  for  that  it^  exigence  tit  6Citiettmo«  donbtcd; 
jret  the  testimony  iu  its  favor  is  difficult  to  set  aside.* 


*  Hht  hllK  elMorvniicni  upon  (hit  pheiidtncnon  liute  Uen  raoJo  nata  Itiib- 
Mpllta  hj  Hr.  LtivU,  uid  an:  foun4  In  the  AtiKritam  Jetnat  if  Srittf  inJ 
ArUjtir  1ST&. 
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INTRODUCTORY  REMARKS. 

iTO  OUT  attention  lias  boon  principalljr  occupied  vriti) 
tli«  bodio*  which  siirroniid  our  enii  and  tnakc  np  tlic  «o1ar  sys- 
tem. Notn'ithstandtitg  the  immense  distances  at  wliidi  theto 
bodies  are  found,  wo  may  roganl  tlium,  in  compariwn  with  the 
fixed  star«,n«  an  isolated  family  immedJAtcly  siirroiiiiding  ue, 
linoe  a  sphere  as  large  as  the  whole  solar  system  wonid  only 
appear  as  a  point  to  the  vision  if  viewed  from  tlie  nearest 
Uar.  The  »]>ticiu  which  M;pnmt«s  the  orbit  of  Neptnno  from 
the  fixed  stare  and  the  fixed  stars  from  each  otlier  is,  so  far  as 
we  can  learn,  entirely  void  of  all  vi«iblu  matter,  oxtwpt  occa- 
sional waste  nebulous  fi'^ments  of  a  meteoric  or  comctaiy 
nature  which  are  now  and  then  drawn  in  by  tlie  attraction  of 
our  »un. 

Tlie  widest  question  which  tho  study  of  tlio  stars  presents 
to  ua  may  bo  approached  in  thii«  way:  We  have  seen,  in  our 
system  of  sun,  i)lftnels.  and  Hitellites,  a  very  orderly  and 
beautiful  structure,  every  body  being  kept  in  its  own  orbit 
through  ondlosfi  mvolutions  by  a  constant  balancing  of  gravi- 
tating and  centrifugal  forces.  Do  the  million.^  of  8un»  and 
oinsters  scattered  tlirougb  space,  and  brought  into  view  by  the 
trieeoope, constitute  a  greater  system  of  oqnatly  orderly  «tnict* 
nrc  1  and,  if  so,  what  is  that  simoture !  If  we  measure  the 
importance  of  a  question,  not  by  its  relations  to  our  intercsta 
and  our  welfare,  but  by  the  intrinsic  greatnces  of  the  subject 
to  wliicli  it  i^lateri,  then  we  must  regard  this  question  as  one 
noblest  witJi  which  tho  Imnian  mind  has  ever  been 
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occupied.  In  piercing  the  m^eterj  of  tlie  eolar  eyetem,  and 
eliowiug  that  the  earth  oii  which  wo  dwell  wus  uiilv  oiio  of 
Uio  smaller  of  eight  pinneta  which  move  around  tlie  sun,  wo 
made  s  great  etep  iu  tlie  way  of  oalargiDg  our  idciis  of  tlte 
immensity  of  creation  siid  of  the  coiiipnrulive  iti»igiiitican<:e 
of  our  Kubhinary  iiiteretits.  But  when,  on  extending  oiir  view, 
we  tind  oiii'  sun  to  bo  but  ono  otit  of  unnumbered  millions,  we 
6ee  that  our  whole  system  is  but  an  iiislgni  Beaut  {lart  of  crea- 
tion, and  tiiat  we  have  an  immensely  greater  fabrio  to  study. 
Wlien  we  hare  bound  all  llio  &tar6,nebnla>,and  chislera  which 
our  telescopes  reveal  into  a  single  Hystcni.and  ehown  in  what 
manner  each  ttntidi  related  to  all  the  others,  wo  shall  bave 
»oh'od  tlie  problem  o£  the  material  universe,  oouMdered,  not  in 
its  details,  but  in  it)i  widest  ecupo. 

From  tlie  time  that  ('opemioua  showed  the  »tar8  to  he  self- 
luniinouit  bodie-i,  nitnated  far  outside  of  onr  dolar  aystoin,  llio 
qneation  tliiB  pi-e»ented  has  oecnpied  the  attention  of  the  pliil* 
ofiophical  class  of  astronomers.  The  original  riew,  which  hat 
been  the  starting-point  of  all  8]>ceu1ation  on  the  cubjcct,  we 
tiAve  described  in  tlie  Introduction  as  tliat  of  a  spherical  nnf* 
verse.  The  apjHii-ent  sphericity  of  tlio  vault  of  heaven,  tho 
nnifuntiity  of  the  diurnal  revulntion,  and  the  iiivarialiility  of 
the  rclnlivc  jiositions  of  the  stars,  all  combined  to  ■trengtltcn 
'he  idea  that  the  latter  were  set  on  tlie  interior  siirfaco  of  a 
.lollow  sphere,  having  the  earth  or  the  »un  in  its  i«ntre.  This 
sphere  constitnted  tho  finnanient  of  the  ancients,  outside  of 
which  was  situated  the  cmpyn-nn,or  kingdom  of  fire,  Copei^ 
nicns  made  no  advanue  whatever  on  this  idea.  Galileo  and 
Kepler  seem  to  have  made  the  fimt  real  advance— the  former 
by  resolving  the  Milky  Way  into  stars  with  liis  telescope,  tlie 
latter  by  suggesting  that  our  sun  might  be  simply  one  of  ntt- 
nieroua  stars  scattered  throngh  apace,  looking  ^o  briglit  only 
on  account  of  our  proxlmi^  to  it  In  the  problem  of  the 
sicllar  system  this  coiieeptlon  held  tho  same  iinpoilaot  place 
which  that  of  the  cartli  as  a  planet  did  in  ihe  problem  of  the 
eolar  system.  But  Kepler  was  leas  fortunate  than  Copeniicns 
iu  that  Lo  failed  to  coniraeud  his  idea,  even  to  hie  own  jndg- 
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hiont    Tt  was  hy  aCFordin^  a  »tHi-r in;;- point  for  llic  rcscnrclica 
of  Kant  and  Ilorscbe)  Uiat  KepleiV  suggestion  really  bore 

Notwithfltanding  the  «inotitit  of  careful  rcccarcli  wlitcb 
Uersehel  and  bii<  succcssoi-e  have  devoted  to  it,  ne  are  olill 
very  far  from  having  readied  even  aii  approximate  Bolution 
of  the  problem  of  whidi  we  e{>eak.  In  wlmtwvvr  direaion  wo 
pursue  it,  we  soon  tind  ouiBcKt*  hi-ought  fano  to  face  witli  tiie 
intinito  in  ipaco  and  tini«.  E^iwdally  is  this  the  ctu-o  wlion 
vre  seek  to  knoir.  not  tiimply  Avhat  tlie  univei^e  h  to-day,  buc 
what  causes  are  modifying  it  from  age  to  a^.  All  the  knowN 
edj^  tliat  uian  has  yvt  gathered  is  then  found  to  amount  to 
mithin<!  hut  soiue  faint  i;litniiiera  of  liglit  nliining  hero  and 
there  through  the  seemingly  lioiiudless  darkness.  Tlie  glim* 
roor  is  a  little  brighter  for  cacli  sucvussivo  generation,  bat 
tnany  oeiitiiries  mit«t  dapM  before  we  can  do  inndi  more 
than  tell  bow  the  nearer  stars  are  situated  in  space.  Indeed, 
we  SCO  nit  yet  but  littlo  ]i0|>e  that  an  inhabitant  of  this  planet 
will  ever,  from  hiit  own  obAervations  and  llio«>  of  his  pred«- 
ceasors,  be  able  to  completely  penetrate  the  mystery  in  wliicb 
the  structure  and  destiny  of  tho  ooemos  are  now  enshrouded. 
However  this  may  be  in  Uio  future,  all  we  can  do  at  present 
jit  to  form  more  or  less  probable  eonjcci  iin-^,  founded  on  all 
we  know  of  the  general  ehamcter  of  natural  law.  In  a  strictly 
Hsientitic  treatise,  such  conjecttircs  would  tind  no  place;  and 
if  wc  had  to  gi-i>t'>e  in  absolute  darkue«s,  they  would  he  en- 
tirely iua]>propriate  iu  any  but  a  poetical  or  religions  prodno- 
tiou.  But  tlio  subject  is  too  fascinating  to  permit  us  to  neg- 
lect tlio  fainte«t  light  by  the  aid  of  which  we  may  penetrate 
tlie  mystery;  we  fball  therefore  briefly  »et  forth  both  what 
men  of  the  past  have  thought  on  the  subject,  what  the  science 
of  to  day  enables  us  to  a«>ert  with  sonic  degree  of  probability, 
and  wliat  knowledge  it  wholly  denies  nsi.  To  proceed  in  eot- 
cntitic  order,  we  must  commence  by  laying  a  wide  foundatiOD 
of  fact».  Oui-  tiret  ntcp  will  therefore  be  to  describe  the  hear- 
ens  as  they  appear  to  tiie  naked  eye,  and  as  they  are  seen  in 
the  telescope. 
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CHAPTER  I. 


THB  BTAKS  AS  TllKT   AJtE  6EES. 

g  1.  Number  and  Orden  of  Stars  and  Neltulce. 

Tbb  total  number  of  stars  in  tbo  celestial  aphero  vi'siblfl 
with  tho  Avfregu  naked  cyu  may  bo  csUniaUid,  in  ronnd  num- 
bers, «8  5000.  The  number  varies  so  miivli  u-itli  the  perfeo- 
tion  and  training  of  the  eye,  and  with  tho  atmoeplioric  coudi- 
Uoiu,  that  ii  cannot  bu  «t&u:d  vcrv  dotinitcly.  When  llic  u>lc- 
auu|>e  i»  pointed  at  the  heavena,  it  is  found  that  for  every  star 
visible  to  the  naked  vyo  thoro  are  hundredH,  or  even  tliousande, 
too  miuule  to  bo  tocii  without  urli&eial  aid.  Frotu  tho  counts 
of  stars  mode  by  Uenchcl,  Struve  has  c»liinfttcd  that  the  total 
number  of  stara  vi&ible  with  llei-acherti  twenty-foot  teleaoopAj 
was  abont  20,000,000.  The  great  telescopes  of  tnodeni  tit 
would,  DO  doubt,  show  a  yet  larger  number ;  but  a  rcliablo 
oetimat«  has  not  been  made  Tlio  number  is  probably  aome- 
wheiv  between  30,000,000  and  50,000,000. 

At  a  veiy  early  age,  the  stars  were  classified  according  to 
their  apparent  brightness  or  magnitude.  The  fifteen  brigbtcA 
ones  were  said  to  bo  of  the  first  magnitude;  the  fifty  next  in 
order  were  termed  of  the  second  magnitude,  and  so  on  to  the 
sixth,  which  comprised  the  faintest  stars  visible  to  the  naked 
eye.  Tho  number  of  stars  of  each  order  of  magnitude  l>e- 
tween  tlie  north  pole  and  the  circle  35°  soutli  of  the  eqnatoi 
is  about  as  fallen's ; 

Of  in«Enitud«  1  tlwn  an  about.. 1*  Man. 
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This  limit  includes  all  the  stais  which,  in  the  Middle  States, 
cnlininstu  at  &  grcatvi'  altitude  thau  15°.  The  uuiiibcr  ai  the 
sixth  magnitude  which  can  bo  )«ett  depends  ver^'  umch  ii|)on 
the  eve  of  tJie  oliserver  and  the  state  of  the  sky.  Tiie  forego- 
ing hst  includes  all  that  can  bu  ecou  hy  an  ordinary  good  vyo 
in  a  c\Kni  sky  when  tliere  J8  no  moonlight ;  but  the  Gvniian 
BStronomer  Heis,  from  whom  thee^  nnmbera  are  taken,  ^ivefi  a 
list  of  1964  mora  which  ho  boUovcs  he  can  eee  without  a  glass. 

Tlio  eyeteni  of  cxpniMing  tlio  briglitneM  of  die  Etars  by  a 
teriet  of  numborB  is  continued  to  the  tcteaoopio  stars.  'Die 
smallest  star  visible  witli  a  EU-inch  telescope  under  ordinary 
circainelances  is  eonniionly  rated  as  of  the  thirteenth  niagni* 
tude.  On  the  Mme  scale,  the  smallest  stars  risible  with  the 
lai^est  telescopes  of  the  world  would  be  of  about  the  six- 
teenth magnitude,  but  uo  exact  scale  for  tlieso  vorj*  faint  xtan 
haa  been  arranged. 

Measures  of  the  relative  brilliancy  of  the  stars  indicate 
tbat,  as  wo  descend  in  the  scale  of  magnitude,  the  quantity 
of  light  emitted  diminiiOies  in  a  geometrical  ratio,  tlic  stars 
of  each  order  being,  in  general,  between  two-fiftlis  and  one- 
third  as  bright  as  tiioeo  of  the  order  next  above  them.  This 
order  of  diminutioD  is  not,  however,  exact,  bocaiiM;  the  arrange- 
ment of  magnitudes  has  been  made  by  mere  estimation  of  >»• 
dtvidnal  observets  who  may  hare  hit  on  different  and  varying 
tatios;  hut  it  is  a  tjuilicit-nt  approach  to  the  truth  for  common 
purpoMD.  From  the  second  to  the  fifth  magnitnde  the  dimi- 
nution \A  probably  one-lhird  in  each  magnitude,  after  that 
about  two-lifths,  Suppoaiog  tho  ratio  two-tifths  to  l>u  exact, 
we  find  that  it  would  take  about 

2^  Mat  of  the  Mconil  lOAgmtude  to  au.\e  one  of  ib«  firtL 
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tlieir  brightne»,  ttio  ratio  bcin:;  a  little  groatcr  in  the  caso  of 
tlio  iii^hci-  tiiii^iittidef),  niid  jmilMilily  «  littlo  \&i  in  tlie  citw 
of  tlio  lower  ones.  TbuB,  we  see  tliat  there  ore  about  three 
tinws  as  mail}'  tA&n  of  the  second  iiia^iittidu  as  of  tlio  first, 
^rcD  time*  as  mativ  of  tlie  tJiird  n-t  of  lliu  Mtomd,  and  after 
tliAt  sometlting  lees  tban  three  times  ns  tasaxy  of  each  tnagni- 
tiido  as  of  tlic  itiu;;nitudo  next  ubuvo.  Couiparing  tliis  wilb 
the  tal)Ie  of  relative  tirightiiciei  jii.tt  given,  we  miiy  (WiivIihIo 
that  if  all  the  stars  of  oitch  magnitude  were  oondensed  into  a 
6m<;lo  one.  tlio  liriglitiiow  of  the  oouibiiied  stare  thus  furmed 
would  nut  varj-  extravagantly  from  one  to  nnuiher  until  we 
had  passed  beyond  tJie  iiintli  or  tentli  magnitude.  But  it  is 
certain  that  tlio  brii;htncM  would  ultimately  diminish,  because 
otliL^rwiikU  tliere  would  be  no  limit  >o  the  total  ainonut  of  li<|^it 
gi^-eii  by  tho  stai-B,  and  the  whole  heuvetiB  would  nhine  like 
the  sun, 

Tlio  reader  will,  of  courw,  Hiidei«land  that  tliiu  amuigo- 
Dient  by  magnitude  is  purely  arliticial.  Really  t)>e  ntnrs  are 
of  every  order  of  brightnefis.  varying  by  gradations  which  are 
onliruly  inftcnsihic,  so  that  it  is  impusiiiblti  to  dietinguiab  be- 
tween tlie  brightest  star  of  one  magnitude  and  the  fatnti^l  of 
tlie  magnitude  next  above  it.  Ileiiie,  Ihow  aatronomers  who 
wish  to  express  niugnitudvs  with  the  grt-alcst  oxactne66,divido 
tliem  into  tliirda  or  even  tenths;  so  that,  for  instance,  ttare  be- 
tween the  sixth  and  sovenlli  magnitudes  arc  called  6.1,  6.^ 
6.3,  and  so  on  to  t).^,  according  to  tlieir  brilliancy.  Various 
attempts  have  been  nado'to  plavo  tlie  problem  of  the  relative 
amounts  of  light  emitted  by  the  Mai-s  njion  a  more  exact  basis 
than  this  old  one  of  nmgnitudt.')^  but  this  ie  a  very  difficult 
thing  to  do, beiaimo  there  is  no  way  of  meAiiiiring  light  exo<^t 
!iy  ct^timation  with  the  eye.  In  order  to  measure  the  relative 
intCMiiity  of  two  Hghtx,  it  is  necessary  to  have  s'imo  in«trnment 
by  which  the  intensity  of  one  or  bollt  the  lights  may  bo  variod 
imttl  tho  two  appear  to  be  equal.  Instruments  for  this  pnr- 
]>08e  are  known  as  pliotomet«re,  and  aiv  of  various  coDstruo- 
kions.  For  comparing  tlie  light  of  different  stars,  the  photom- 
eter most  used  at  the  present  time  is  that  of  Zollner.    By 
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tlii«  in»truinont  Uie  li^lit  of  tlio  etnre,  he  rvfrit  thmngli  n  srosU 
tolcM^upc,  is  oom[«re<,l  ImtU  in  voiuv  and  inti-nsttv  with  that  of 
tn  artilicial  Bimr,  tbe  li^lit  of  which  obq  lie  varied  at  plunanra. 
A  L-otn])leto  set  of  mcosiiivs  with  tliis  itii^triiiiiviit,  inthiding 
ino«t  of  the  brigliler  ^tiirn,  is  one  of  tho  wniit«  uf  Jk!<tivn<iiiiy 
vltich  we  may  eoon  liopo  to  eeo  supplied.    The  most  extended 

trL-wiit  teri««  of  pliotoinctric  t-etimatL-tt  with  which  thu  winter 
i&  auquainted  is  Unit  uf  I'l-nfctaor  Seidel,  of  Muiiioh.  which  in* 
cludue  2(W  stare,  the  smallest  of  which  arc  of  tho  fifth  inngni- 
tiirle.     All  iiitun-«tiiig  rv*vi\t  of  thcM  rttiiniitH  i«  thnt  Sirius 

tgivee  119  four  Uiiiea  as  iiiiiuh  light  as  nnjr  other  star  vijihie  ia 
Dtir  latitude. 
Oitaki^ixa  of  ^ars. — In  nearly  every  a^  in  whiHi  astron- 
omy has  fiounfthed  ciitaln^iieA  of  stare  have  l>een  tnude,  ifiving 
their  positions  in  the  heavens,  and  the  tna{n>itudo  of  each. 

ITlie  oarliost  catalo;;im  which  has  eonio  to  ii»  i«  fuiiiid  in  the 
"Almo^ert"  of  Ptolemy,  and  is  siipiKMwd  to  l)e  tliAt  of  Iiip{«r- 
ebnti,  wtio  floariaiied  IhO  yeais  before  the  Christian  era.    It 
is  said,  htit  not  on  the  bcft  anthority,  tliat  lie  L-onEtnictod  it  iti 
order  tlint  fntiirc  f;ciiemtioTi8  might  find  whether  any  change 
hod  ill  the  mean  time  taken  plnoe  in  the  starry  heavens.     Ad 
examination  of  the  catnlo'^iie  shows  that  the  conMeI]ali»iiA  pro- 
Bentcd  uiticb  tlio  ssiiiu  aiipeut  two  thousand  yeant  agu  that  tliey 
do  DOW.     Tlierc  are  two  or  three  stare  of  hiii  eataioeoe  n-hieli 
vaniiot  now  be  certainly  identitiod ;  but  it  is  probable  that  tho 
dilli^^lty  arisoe  from  the  imperfection  of  the  catalogue,  and 
from  the  error*  wlii<!h   may  have  crept  into  the  niimerom 
tranauriptions  of  it  during  Ilie  sixteen  centuricti  whicli  elapsed 
^  liofore  tlio  art  of  printing  was  diseovored.    The  catalogue  of 
Bllipparchus  contains  only  about  lOSO  slar;,  m>  ihnl  he  coitM 
not  have  given  all  that  he  was  able  to  see.     lie  probably  onii^ 
^ted  many  stars  of  tho  smaller  magnitndi-«.    The  actual  nam- 
Bber  given  in  tho  "Almagest"  i«  stilt  leae,  being  only  1030. 

Tlic  next  catalogue  in  the  order  of  time  is  that  of  IHagb 
Boigli,  a  eon  of  the  Tartar  monarch  Tamerlane,  which  dates 
from  the  fiftcentli  century.  For  the  most  part,  the  »tar«  are 
the  same  as  in  tlie  catalogue  of  Ptolemy,  only  the  plauee  were 
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rc<letcniiiti<Ml  from  the  obserrattoiiH  nt  StimarcAnd.  It 
t«Jri»  1011*  Mat^i eleven  lees  thsn  Plolcmy  girea.  Tjcho  Bimbe/ 
h»t-iog  made  eo  gitst  an  impro^x-mcnt  iu  the  trt  of  obeerra- 
tion,  vcrr  naltiralty  recatalogocKl  t)ic  6tare,  detcnuinuig  tbeir 
pmitioiis  witii  yet  greater  teeanvy  llian  tii«  predecessors.  Hit 
catalogue  is  the  third  and  last  important  one  formed  before 
tho  invention  of  the  tclcscoiw.     It  contitihK  1005  etani. 

Our  modem  calalognes  inaj  be  divided  into  two  clacsea! 
those  in  whicli  the  position  of  each  star  in  the  celestial  spliere 
(right  nMciMion  and  declination)  h  given  witli  all  atiaiuablttJ 
precision,  and  those  in  which  it  is  only  given  approximatcljv 
so  as  to  identify  tbo  etar,  or  diHtingutsh  it  from  others  in  its 
Doi^hborLood.  Tlie  catalogues  of  the  former  claw  aru  \cry 
numeronSfbut  the  more  accurate  ones  are  Deceasarily  incom- 
pivte,  owing  to  tlio  great  labor  of  making  the  most  exact  de- 
torminatioii  of  the  position  of  a  »tar.  Tlwro  arc,  i)erlia|>», 
between  ten  or  twenty  thousand  stars  the  positions  of  wlijch 
are  catalogned  witli  astronomical  precision,  and  a  hundred 
thoiiMind  more  in  which,  though  entire  precision  is  aimed  at, 
it  is  nut  attainiHi.  Of  the  merely  approximate  catalogues,  tlie 
greatest  one  is  the  "  Sternvcrxeichniis"  of  Argelander,  which 
enumerates  nil  tlie  stare  down  to  the  ninth  magnitude  I>elween^ 
tlie  pole  and  two  degi-oos  south  of  ihe  equator.  Tlic  wor 
fillit  three  thin  quarto  volumef,  and  the  entire  number  of  stara 
cataloged  in  it  exceeds  three  hundred  thousand.  This  *'slar 
census"  is  being  continued  to  the  south  pole  at  the  obsorvar 
tory  of  Cordoba,  South  America,  by  Dr.  Gontd.  Of  the  mill* 
ions  of  stars  of  the  tenth  magnitude  nnd  upwards,  hardly  one 
in  a  tliouBBiid  is,  or  can  be,  individuully  known  or  catalogued. 
Except  aa  one  or  anotlier  may  exhibit  wme  remarkable  pecu* 
liarity,  they  mnst  pass  unnoticed  in  the  crowd. 

Division  into  O/nftt^llatiwui. — A  single  glance  at  the  heavens 
allows  that  the  stars  are  not  eqnally  scattered  over  the  sky,  but 
that  great  numbers  of  them,  eB|iecially  of  the  brighter  ones, 
arc  collected  into  cxtivmoly  im^ilar  groups,  known  oi  con* 
stellalions.  At  a  very  early  ngc  the  heavens  were  represented 
as  painted  over  witli  figures  of  men  and  animals,  so  arranged 


sviiBea  axd  obdkbs  of  stakb  aud  hbbvljb.    437 

■s  to  iiicludo  the  princi|ial  stare  of  eacli  constellntion.     Tliere 

»is  no  bUtoric  record  of  lliv  tituv  when  thi«  vim  dune,  nor  uf  the 
prinaiplee  bj?  \rhk-h  tlioac  who  did  it  cinrried  out  tiieir  work : 
but  many  uf  tlio  nimiGS  indiualo  that  it  \\a&  dnriu^  the  heroic 
age-  Some  huvc  aought  to  vuiinoct  it  with  llic  Argotmiitic  ex- 
pedition, from  the  fact  that  eovernl  lieroea  of  that  cxgicdition 
were  among  those  thng  translated  to  llio  Iieavens;  but  this  ib 
little  more  tlian  ntnjcctiii-c;.  So  little  ^uins  was  taken  to  lit 
the  fignres  to  the  coiistellations  tiiat  we  eiin  liaitlly  jmppottc 
tliem  to  have  all  boon  executed  at  one  time,  or  on  any  well- 
detinod  [>1nn.  Quite  likely,  in  t)io  cow  of  names  of  licroce, 
tlie  original  object  waa  rather  to  do  honor  to  the  man  than  to 
serve  any  neefiil  pnrpose  in  afitronomy-  Wliatcver  tlioir  ori- 
gin, tlioee  names  liavc  been  retained  to  the  )ii-(Ment  day,  al- 
titOQgli  tlio  lignres  wbicli  they  originally  represented  no  longer 
«erve  any  astronomical  pnrpose.  The  constellation  Iloreulcs, 
for  iiHtance,  still  exisU;  but  it  no  longer  represents  the  tigure 
of  •  man  among  the  stars,  but  a  fwincwhat  iri-egiilar  jx>rtion 
of  tlie  lioavcms  including  the  Bpace  in  which  the  ancients 
placed  Uiat  figure.  In  star-maps,  designed  for  school  instrnc- 
tiou  and  for  oommoii  use,  it  is  still  viiBtomary  lo  give  these 
figures,  but  tliey  are  not  generally  funnd  on  maps  designed 

^_  for  the  nse  of  astronomers. 

^  Xaming  the  Sara. — Tlie  question  how  lo  name  the  indind- 
imI  slara  in  each  consiclhition,  so  as  lo  readily  distiiigiiisli 
tiieto,  has  always  involved  gome  diflionlty.  In  tlie  ancient 
eatalogncs  they  wore  dletingnishod  by  the  part  of  i)ie  tigiire 
representing  tlio  eonntcllntion  in  which  they  wei-e  found;  a«, 
the  cyo  of  the  lint),  the  tail  of  the  Great  Dear,  the  i^ght  ahotil- 
dor  of  Orion,  and  so  on.  The  Aralw  adopted  tlie  plan  of  giv- 
ing epccial  names  to  each  of  the  brighter  slai«,  or  adopting 
sacb  immes  from  tlie  Greeks.  Thus,  we  have  the  well-known 
Stan  Sirius,  Arctarus,  Procyon,  Aldebai-an,  and  so  on.  Most 
of  Ihne  names  have  dropped  entirely  out  of  astronomical  i»e, 
tlioi^  etill  found  on  some  school  maps  of  the  slaTB.  The 
e3rstom  now  moet  in  use  for  the  briglitcr  stars  was  designed  by 
BajTCr,  of  Augsburg,  Germany,  about  1610.     Ilo  publislied  a 
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set  of  Etsr-mai^.  in  which  the  individual  <t«)«  of  cuclt  coniul-i 
latik>it  Wfi-B  (li-«iigiuitcd  liy  tlie  letters  of  the  Greek  alpbttbet— '^ 
a,  ^,  7,  etc.  Tlio  first  letters  vere  given  to  the  brightest  tXwx, 
the  next  ones  to  tlie  next  bri«litcet,  nnd  so  011.  After  the 
Uieck  letter  iii  given  tlio  Latin  naiue  of  the  coiistellalton  in 
tiie  genitive  case.  Tliiie,  Alpha  {a)  Seorpii,  or  Alphn  of  tbii 
Scurpioti,  i«  the  name  of  Aiitaree,  tlie  brightest  Mnr  in  8<»)p 
piiiB :  a  Lyr^e,  of  the  brighteet  stnr  in  the  L^tc  ;  and  eo  oa. 
Wo  bavo  hero  a  reeetnblaDco  to  our  ej'etent  of  naming  men, 
tho  Grcvk  letter  corrc«[iondiug  to  t^ie  Chrietian  iiatne,  and  the 
constellation  to  tlie  surname.  When  the  Greek  nlpbaliel  wu 
exbaiietcd,  without  including  all  tlie  conspicuous  stars,  tlio 
Ltitin  alphabet  wae  drawn  upon. 

The  Bayer  system  is  still  applied  to  all  tlie  stars  named  bjf 
him.  Most  of  the  other  stars  down  to  tlie  fifth  tuagnitiido  are 
designated  by  a  »yeletn  of  numbers  assigned  by  Flamslccd  in 
hie  eataloguv.  Vet  other  stai's  arc  di^tinguiehod  by  their  uuni- 
bcra  in  i»ome  well-known  oatalogne.  When  lliis  method  &Ilt, 
owing  to  (ho  tttnr  not  being  catalogued,  tJie  position  in 
hearcn?  must  be  given. 

The  Milky  Watf,  or  Oalaxt/. — To  the  naked  eys  so  ranch  of 
the  Galaxy  as  can  be  teen  at  one  time  pre»cnt«  the  appcarancaj 
of  a  while,  cloud-like  aic-h,  resting  on  two  opposite  points  on 
tlie  horizon,  and  rising  to  a  greater  or  less  altitude,  according 
to  the  position  of  the  celestial  sphere  relative  to  tlio  observer.i 
Only  half  of  the  entire  arch  can  be  seen  above  the  horizon  atj 
once,  the  other  hnlf  being  below  it,  and  directly  opfiosite  tha] 
visible  half.     Indeed,  there  is  a  portion  of  it  which  can  nevcFj 
bo  lu^n.  in  our  latitude,  being  eo  near  the  south  pole  tliat  it' 
is  alwav's  below  our  horixon.    If  tho  earth  were  removed,  or 
made  transparent,  bo  tliat  we  could  eoo  the  whole  celMttial 
tjiJieru  ut  oni-c,  the  Galaxy  would  appear  as  a  complete  belt' 
extending  around  it.    Tlio  tcIcHcope  shows  that  Uie  Galaxy 
arises  from  the  light  of  oountles»  stars,  too  niinuto  to  be  eop* 
arately  visible  witli  the  naked  eye.     We  find,  then,  that  tha  I 
telescopic  Btai«,  instead  of  being  divided  up  into  a  limited 
Dumber  of  eonfttellations,  are  tuostly  conden«ed  in  the  rqpoo 
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[«f  the  Gmlaxy.  They  «re  lewt  nnmcroiu  in  the  pcgioiM  rao«t 
» distant  from  tlio  galactic  belt,  aud  gi-ow  tUioker  oa  we  a{>- 
proach  it  Tlic  mora  powerful  Uio  tot06CO[)o,  tllc  moi'c  innrktfd 
the  vondcnaation  ia.  W.tit  tJio  naked  ojc,  tlic  conJciiBAliori  U 
hardly  tiotioeable,  nolms  by  actnal  voiint:  n  very  »itiBll  tele- 
Ecojw  will  bIiow  a  douiilod  tliickeiiitig  of  tlie  etare  in  and  near 
the  Galaxy ;  vrhile,  if  we  employ  tbo  incwt  {rawci-ful  tcle»i;o|)e«, 
8  large  majority  of  the  stare  they  eliow  are  found  to  lio  act- 
ually ill  tiic  Galaxy.  In  other  words,  if  we  should  blot  out 
til  the  iitniB  visible  with  a  twelve-inch  telescope,  wo  should 
find  that  the  greater  part  of  the  remaining  stai'a  were  in  ttie 
Oalixy.  The  etriictiiro  of  the  nniteree  which  this  fact  eocms 
to  indicate  will  be  explained  i»  a  fiHb£e<]uciit  section. 

Clutters.  —  Itefltdett  tliis  gradual  and  regular  condentiation 
towaida  the  galactic  l>elt,  occasional  condetisatioiis  of  stars 
fnto  cliifttem  may  be  econ.  Indeed,  eomo  of  theiK)  eliistera  arc 
visible  to  tlio  naked  eye,  eoinctiitice  a«  teparate  alars,  like  the 
Pleiades,  but  more  coinmonty  as  milky  patches  of  Uglit,  1>e- 
caiuo  the  slare  ara  too  email  to  be  seen  separately.  The  num- 
ber visible  in  puworfnl  telc«co]««  is,  however,  much  greater. 
Boinetirnot  there  are  hnndred«,oreven  thousands, of  stam  visi- 
ble in  the  fioM  of  tlie  telesco{)e  at  once;  and  eometimea  the 
number  is  so  gr«at,  and  the  individual  stars  to  small,  that  they 
eannot  bo  counted  even  in  the  mo»t  powerful  telesuopes  evvt 
made. 

Jiihukt. — Anotlier  class  of  objects  which  arc  foimd  in  tlie 
oeleMial  spacca  am  iri'cgtilar  inasecB  of  soft,  cloudy  light, 
which  are  Iienco  termed  nebuhe.  Many  objects  whicli  look 
like  nebaliB  in  small  telescopes  are  found  by  more  |mwcrful 
ODcs  to  bo  really  star  clitslci-s.  iliit,  as  we  shall  hereafter 
Bhow,  many  of  llieae  objects  are  not  composed  of  stars  at  all, 
•bDt  of  inimcuse  masses  of  gaseous  matter. 

§  2.  Description  of  ^le  Princ^l  Comtellations. 

For  the  benefit  of  the  reader  who  wislics  to  make  himself 

^tc(]i]ainted  with  the  coiiMollations  in  detail,  or  to  identify  any 

right  star  or  constellation  which  he  nay  eoo,  we  present  a 
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brief  description  of  the  prindpi]  objects  wbicli  n)*;  bo 
lu  the  heavens  nt  different  BeaaoDft,  iltiistimtcd  by  live 
•howing  the  f^tars  to  tlie  fifth  magnitnde  iDcIuet\-e.     Tt 
reader  who  does  not  wiitli  to  enter  tuto  these  dctsils  can 
to  the  next  seclioii  without  an;  break  of  the  continuity  ofl 
thought. 

For  the  pnrpoee  of  learning  tlic  oonetcllations,  the  star- 
maps  will  be  a  valuable  nnxiliary.  It  will  be  better  to  bc^in^ 
with  tlie  northern,  or  circnmpolar,  constellatiotis,  because 
are  neorly  always  visible  in  onr  latitude.  The  fiist  one  to  ht 
looked  for  is  Ursa  }fnJor  (llie  Orenl  IJear,  or  the  Dipper),  from 
whivh  the  polo  etar  can  aln-ave  be  fonnd  by  means  of  the 
pointers,  as  shown  in  Fig.  2,  page  10.  Supposing  tlio  obicrvcr 
to  look  for  it  at  nine  o'clock  in  tiie  evening,  be  will  see  it  in 
varions  positions,  depending  on  the  time  of  year,  narnely,  in 

April  nd  )l>; nortb  of  the  tsniih. 

Jolf  and  AaciMt lo  tli«  w«»t  ornonb,  iln  poIoMn  knteo. 

Ociobw  Mid  NoTMobw. doM  lo  tha  north  hoiinn. 

ixoatxy  uid  Pcbrniiiy wlho  «■*!  of  north,  the  potntei*  bisl>Mt> 

These  Buecestivo  positions  are  in  tlie  sume  order  with  thosS' 
which  the  ooiistellation  occupies  i»  consequonoo  of  its  dinrual 
motion  around  the  pole.     The  pointers  are  in  the  body  of  the 
bear,  while  the  row  of  stars  on  the  other  end  of  the  oonetella- 
tion  fonna  his  tail. 

Ima  Minor,  or  tlie  Little  Dipper,  is  the  conftellntion  to 
which  the  pole  star  belongs.      It  includes,  besides  the  pok). 
star,  nitotliei'  atar  of  tlie  second  inngnitiidc,  whiclt  lies  ncarij 
in  the  direction  of  Oio  tail  of  Urea  Major. 

Castiopcia,  or  tho  Lady  tn  the  Cltair,  is  on  the  opposite  sids 
of  the  pole  from  Ursa  Major,  at  nearly  the  samo  dittancc 
Tho  conetoltation  can  be  readily  recognized  from  its  three  orj 
four  briglit  stare,  disposed  in  a  line  broken  into  pieces  at  n^ 
aoglea  to  each  other.  In  the  ancient  mythology,  Oissicpeia  il 
the  qiicen  of  Ccplicns ;  and  in  the  constellation  nlie  !»  repre* 
EOiiicd  as  scaled  in  a  largo  chair  or  throne,  from  which  site  is 
issuing  her  edicts. 

Persens  is  quite  a  brilliant  constellation,  sitooted  in  ths 
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[nkv  Way,  east*  of  CsB6io|>eia,  And  a  li(l!e  fartlicr  from  the 
:>\v.     It  iiiiiy  be  rvcogiiixvtl  hy  a  row  ot  coiit>i>i<:uuii«  etaiv 
extending  nlong  Uio  Milky  Wtiy,  wliich  pasees  directly  tliroiigli 

fthifl  ootistollation. 
Other  inrcmnijolnr  constellations  are  Coplicue,  llio  Oamelo- 
pKrd,  the  Lynx,  the  Dragon  {Oram),  and  the  Lixard ;  but  they 
do  not  oonlaiii  any  atare  so  bright  ns  to  attract  ee]>ecial  atlon- 
tiou.     Tlio  reader  uiio  Vi-islit-ti  to  k-arn  itiL-m  can  oiisily  titiil 

ttltcni  by  ooni|iuring  the  star-niaps  with  thu  IiVavenaL 
Oniiig  to  (ho  aiiiiual  motion  of  tlie  Hiin  auiong  tlio  atai^  tlio 
ooiistelluLioiift  uhicti  aru  inui-u  dii^tsiil  from  tiic  [lolu  caiiiiut  bo 
wen  at  all  times  but  must  bo  looked  for  at  certain  aeasoRit, 
unless  iiiooiiTenient  hours  of  the  night  bo  clioeen.  We  &hn]l 
descrtbo  tlio  more  remarkable  eoitstvllations  a»  they  are  seen 

»by  an  observer  itt  middle  north  lutitiid<M  in  four  difTeixinc 
posilioRf)  of  ihc  starry  ft{>hcrG.  The  sjihcrc  lake8  all  four  of 
tkese  positions  every  day,  by  its  diurnal  motion  ;  but  Home  of 
tliose  [loaitions  will  occur  in  tlic  daylimc,  and  others  late  at 
night  or  early  in  tito  niai'ning. 

h'tyil  P(tsilio»,  Orion  on   the  iferwiian. — The  constellations 
■  eoutli  of  the  zonitii  arc  tl>o«o  nhowii  on  Mn[ie  11.  and  lU.,  ibo 
former  being  west  of  the  Dieridian,  tlie  latter  cast    Thie  (kmi- 
lion  o«cnr»oii 

^1  DeccmlMr  lln at  miiiniEhl. 

^B  Jaaunt}  Hit „.......■..■••••■...■.. «••..!•• ml  iOuVlwk  r.x. 

^K  Fcbniaij  20ib „ .......bi  8  o'dcM:k  r.M. 

^1  Mwdi  aut..... »...._......... ai  G  u'dock  r.M. 

And  SO  on  through  the  year.     Tn  this  poeition,  Caa-iioix-ia  and 
^^Dna  Major  are  near  ttiu  t«me  altitude,  the  former  high  up  in 

^f  *  In  ill*  «plMlIa)  (pliart  iba  point*  ot  tli«  enn.iutgu  Iwic,  of  Ma«Hltf,  a  bmi»- 
f '  hf  <rtikli  innv  iicciii  iHlhrail  fhmi  thai  wliii'li  wu  aitiibutn  to  tlMm  on  tlio  eiiriti. 
JWlrti  liliriiji  monnt  tDwarda  tlia  nonli  p»lei  imlli,  fioiii  k;  vctl.  In  lIlo  direr. 
tlea  of  lb«  illurnat  motion:  ""'■  in  ■I"'  oiqiotlto  lUiccilon.  In  Vig.  3,  Ilio  iirTa>n 
■0  point  vm',  and  liy  ouiinining  iho  llinini  It  will  tig  mud  tliat  bdow  the  pola 
nonli  It  uliwkiil^  miJ  ttul  It  loward*  (he  ucii  linilion.  Itcotlr,  thoo  doHnllloni 
holil  eiunll*  (run  t^ji  llm  tnnh.  the  niimD  OrlT«renn»  beini{  fnand  bnlwcan  iha 
pcantt  of  tl>a  nim|inM  ni  iliirentni  )i1n<:ei  on  the  eatth— tiotc  nnd  in  Chuiit,  for  In- 
0 — lliM  uc  tac  on  Iho  colallal  ([ihere. 
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the  oorlb-west,  tiie  ktlcr  in  the  Dorth-CMt,  Tlic  Uitky  Vt%j 
■pntis  lite  lH«von«  like  ui  Brdi,  resting  OD  the  borixim  in  tbe 
north-iiortlt-vest  and  eonth-«oath-«a&t.  We  iliftll  firet  dtitcribe 
tbg  outtttcllatioDS  iii  tta  connc. 

dn/niu,  the  Su-ari,  is  dnkiiig  bctow  the  Itorixou,  when  the 
Uilkj  Wbv  rests  npon  it  in  the  north-iionh-n-oel,  and  onlr  « 
few  etaiB  of  it  arc  \i»il>lL-.  U  wiU  he  better  eoen  at  anoUwr 
cea«oii. 

Kext  in  order  ounie  Cephene,  Cassio|M>iA,  niid  Persetw,  which 
wo  have  ainsulv  dcMfibod  as  circuioiwlnr  uoiintvlUtions. 

Above  Petiieu*  lies  Auriya,  x\w  Cliariotocr,  wbicli  uiav  be 
readily  rewpiized  by  a  brigbt  etar  of  tbe  lirel  nwgnit'iide. 
Balled  Captlh,  the  Goal,  tK>w  n  few  dvgreee  itonh-no^t  of  tJie 
nnEth.  Auriga  'u  represented  m  holding  b  goat  in  bia  ariit, 
in  tlie  body  of  wbieh  tliis  filar  is  ailnated.  About  ten  dnrraee 
vast  of  Ca()clla  \»  llio  «tar  ^  Aiirigtv  of  lite  seL-nnd  tna^tilnde; 
while  still  fan)>cr  to  lltc  aax  ia  a  grotip  of  Einall  stars  wbidi 
also  bclo4ig»  to  tliu  »«ine  cunttvllatioti.  Tbe  latter  extendi 
•onio  distance  south  of  tlio  zenith. 

Tlio  Milky  Way  next  pasfCe  between  Tannis  and  Gemini, 
whicli  we  will  dcw^rilw  prewnlly.am)  then  ci-oaecs  the  equator 
eii%t  of  Orion,  llie  most  brilliant  eonstellation  in  llto  heai«aa^ 
Itaving  two  stai?  of  the  tintt  niagnitiidu  and  four  of  tbe  Hwond. 
Tlio  former  are  Bctclgiiese,  or  a  Orioni*,  wbieh  i^  bigheet  ii[i, 
and  nuiy  be  pecogni»;d  by  its  reddish  color,  and  Rigcl,  or  ^ 
Ononis,  a  sparkling  white  star,  lower  down,  and  a  little  to  iIm 
west.  The  former  is  in  the  »hoiildcr  of  the  figure,  the  latter 
in  the  foot.  Ilotwccn  the  two,  three  stars  of  tbe  second  uiac- 
uiliide,  in  a  row,  form  the  belt  of  itie  warrior. 

Oinix  ifinvr,  the  Little  Dog,  lies  just  a<:ro6e  the  Milky  Wav 
kmn  Orion,  and  may  be  ixtrngniiced  by  the  bright  atsr  Pn> 
03'on,  of  the  fir&t  magnitndc,  dne  ca^t  from  Ilctolgnesc. 

Canis  ifajor,  the  Great  Dog,  lies  sontli-cnst  of  Orion,  and  U 
easily  rocognixed  by  Sirin«,  the  brigbte»t  fi\cd  star  in  the  beav- 
enft.  A  nnmber  of  bright  stars  Eontb  and  ^ontTi-vast  of  Sirloa 
belong  to  this  constollntion,  making  it  one  of  great  brilliancy. 

As  tbo  Milky  Wuy  npproucbis  tbe  south  horizon,  it  yAim 
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through  Aryo  Navi».  tlio  81iip  Argo,  wliicli  w  partly  boluw  the 

fhorizun.  ll  coiitniiiH  Canopiis,  lliu  next  bri^Iit«i'l  8Ur  tu  Sii'i- 
Ih;  biit  this  object  is  below  Uie  honi»>ii,  iiiilcee  the  observer  is 
■a  &r  south  as  35°  of  north  tatituOe. 

We  can  next  ti-noc  «iicli  of  the  xoilinviil  conMclUtioiis  hk  m-o 
high  enough  nboto  the  Iiorisoi).  In  tlie  west,  one-tliird  of  the 
wnr  from  tlie  horizon  to  tlw  zenith,  will  be  seen  Aria,  the 
liani,  which  nifty  bv  rcco.!;nizb(l  by  thiiK!  »Iui-k  of  Uie  eccuiid, 
third.  Httid  fourth  magnitu(tf«,  rc4|)ectiv-ely,  funning  nn  obluAe- 
uigled  triangle,  the  bnghtv»t  Mar  being  the  highest.     The 

.arrangement  of  ihcm  elani,  iiiid  uf  coino  olhera  of  the  tifth 

(lim^iittide,  may  be  seen  by  Map  II. 

Taurut,  tlie  Itiill,  is  next  above  Aries,  and  may  bo  reoog- 

'nizcd  by  the  PleiadoH,  ur  "seven  «tiin,"  as  the  groii])  is  vum- 
monly  called.  Iteally  there  ai-e  only  nix  Htar»  in  tlie  group 
eleurlr  visible  to  ordinary  eyes,  and  an  eye  which  is  good 
enongh  to  see  eevcn  will  be  likely  to  eoo  fonr  others  oi"  eleven 
in  all.  A  tolc«copiti  view  of  this  group  will  be  given  in  eoii- 
neotion  witli  the  subject  of  elii!>1ei-!ii  of  atais.  Anotlier  group 
in  this  constellalioii  is  the  llyadi-ti,  the  principal  stan.  of  which 
arc  armngcd  in  the  form  of  the  letter  V,  one  extremity  of  the 

IV  being  formed  by  Aldelinriiii,  a  iyhI  star  ranked  as  of  the 
Int  magnitude,  but  not  so  bright  as  «  Ononis. 

Otmiiu,  tho  Twins,  lies  east  of  the  Milky  Way,  and  may  be 
found  on  the  left  side  of  Map  II.  and  the  right  of  Mnp  III. 
^The  bnghtest  stars  of  tliis  constellation  ai<e  Castor  and  Pollnx, 
^■or  a  and  J?,  whiuli  lie  twenty  or  thirty  degrees  Bonth-eost  or 
^Hnt  of  the  Kcnitli,  about  one-fonrth  or  one-third  of  the  way 
^^albe  horizon.  Tliev  are  almost  dne  north  from  Procvon; 
that  i»,  a  lino  drawn  from  I'rocyon  to  the  pole  star  passes  be 
twecn  them.  Tho  constellation  extends  from  Castor  and  I'ob 
^^iix  Aome  dislaiiL-e  south  and  west  to  the  borders  of  Orion, 
^ft  Can<xr,  the  Crab,  lies  cast  of  Gemini,  but  contains  no  bright 
^Btar.  The  moat  noteworthy  object  within  its  borders  is  I^ne- 
^'l^,  a  group  of  stars  too  small  to  be  seen  singly,  which  ap- 
poare  M  a  spot  of  milky  light.  To  see  it  well,  the  night  niu«4 
kbe  i>erfeclly  clear,  and  the  moon  not  in  the  neighborhood. 
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Lro,  llio  Lion,  coiitaiti^  the  bright  siitr  RcguliiF,  sboiit  two 
lioiint  iibovo  llic  cnslerii  Iiorizon.  This  Miir,  with  five  op  six 
Btnaller  ones,  forma  a  etcklo,  Kcguliis  being  the  handle.  The 
eickic  16  ivytTvicnlts]  iis  in  tlio  breast,  neck,  and  lioad  of  tlw 
lion,  hid  tail  extending  nearlj>-  to  the  honzon,  whcro  it  citdi  at 
tlie  Btar  Benebola,  now  JDst  risen. 

Such  ait!  tfao  jirinci{ial  com^tellattons  visible  in  the  snppowd 
|x>»ition  of  the  celestial  sphere.  If  the  honr  of  ob^rviitiou  t< 
different  from  that  supposed,  the  )>o&itiotis  of  the  oonatellatioiii 
will  be  different  by  the  nnioinit  of  dinniai  ix>tiil[on  during  tlie 
interval.  Foe  in^tnnee,  if,  in  the  middle  of  Mardi,  we  studjr 
tlie  heavens  at  eight  oVlock  instead  of  six,  the  western  stats 
will  be  noui-cr  the  horizon,  the  eoiilhern  once  farther  west,  and 
Uic  etwlern  onea  higher  up  than  we  lla^e  deaeribed  tliein. 

Sneond  Posilmt   "/  ike  (kkslial  Spfiere. — Tho  meridian  in 
twelve  hours  of  ri,<;hl  iisrcn^ian,  near  the  left-hand  edge  ol 
Map  ni.,and  the  rif^hi-hnnd  edge  of  Map  IV.    The  stans  un" 
Map  111.  are  west  of  the  meridian,  those  of  Map  IV.  east  of  it. 
This  ])osilioii  occtire  on 

MnK'h  31*1 .at  mldniichL 

A[<rt1:fOih „., „,..„..„.„ , NIK)  o'clock. 

^«r  '-'iDi M  »  p'cloek. 

Ill  this  position  Urea  Major  is  near  the  zenith,  and  Caniopeia 
in  tho  north  liorieon.  The  Milky  Way  is  too  near  the  horizon 
to  be  vi*iililfi ;  Orion  lins  set  in  the  we*t ;  and  ihore  arc  no  very 
(.■oil apie nous  constellations  in  the  eonth.  (^tor  and  Pollux  are 
visible  in  the  north-wcsr,  at  a  considerable  altitude,  and  Ppo- 
cyon  in  the  wc«t.  about  nii  hour  and  a  half  above  tho  liorinHud 
Leo  is  west  of  tho  meridian,  extending  nearly  to  it,  white  tlir 
new  zodiacal  eonstelhitions  have  como  into  sight  in  tlio  eaat 

Virr/o,  tho  Virp-in,  Ims  n  single  bright  star— Spica— abont 
tlie  brilliancy  of  Rognliis,  now  about  one  honr  east  of  the  mc 
ridiun.aiid  a  little  more  than  half-way  from  tlie  Ketiith  to  the 
honxon. 

Libra,  tlie  Balance,  tins  no  stars  which  will  attract  ■ttontlon.  i 
Tlie  t!nn«lollation  tnay  bo  reouguizod  by  it«  poaitiou  betwe 
Vir{;o  and  Soorpius. 
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Seorpiua,  tlto  Scoqjioii,  M  just  rising  in  the  Eoutli-east,  and  n 
not  yet  liigli  cnougli  to  tw  k«II  seen. 

Among  the  oonatellatiotts  nartli  of  the  zodiac  we  liavc: 

CoifM  Bermicta,  tho  Hair  of  Bcreuico,  now  exactly  on  the 
idian,  and  abont  ten  degrceii  mwxh  of  tho  zcuitli.  It  is  a 
eloM,  irregular  group  of  verv  small  stars,  quite  different  from 
anything  else  lu  ttw  heavens.  In  tho  ancient  mythology,  Iter- 
enioo  had  von-ed  lier  iiair  to  the  goddois  Venus;  hut  Jupiter 
earned  it  away  from  tlio  temple  in  whicli  it  wm  dcj>oiiilM), 
and  made  it  into  a  coii&tollstion. 

BoiUxe,  the  ticar-kcopei-,  U  a  large  oonstcltatton  cost  of  Coma. 
It  is  marked  by  ArctnruB,  a  rci-y  hright  but  somewhat  red 
Blar,  an  ]iour  and  a  lialf  cast  of  Coma  Berenices. 

Cana  Venatici,^w  Uimting  Dogs,  are  north  of  Coma.  They 
are  iield  in  a  leash  by  BoiJIes,  and  tire  tha&itig  Ursa  Major 
round  the  pole. 

Cormta  tiorealis,  the  Northern  Crown,  lies  next  east  of  lioiites 
in  the  uortli-easL  It  is  princigially  composed  of  a  pretty  semi* 
circle  of  stars,  supposed  to  form  a  ohaplet,  or  crown. 

Thinl  IhsitioH  of  the  .Sphcrv. — The  soutla-ni  c-on^teUationii 
Aru  those  shown  on  Uape  IV.  and  V.,  those  of  JMup  IV.  being 
of  tlie  meridian,  and  (hose  of  Map  V.  cast  of  it.  Xiiis 
poetlion  occurs  on 


N 


.Tone  31  tl aimUnteht. 

■lull  SIbI „ „ ■!  IC  o'clock. 

AuKuil  SIM. ....» U  8  o'clock. 

etc ^ , ,.„ _.......        etc. 


I  Id  tliifl  position  the  Milky  Way  ii  once  more  in  sight,  and 
!itM  to  spim  the  henveni>,  hut  we  do  not  see  the  same  |>art 
of  it  which  was  vidhla  in  the  first  position,  Cuwiopeia  is 
Dov  in  tho  Rorth'Cast,  and  Una  Major  has  paieed  over  to  the 
i>ortli-wc#t.  Anrturus  is  two  or  three  honn  higli  in  the  west, 
and  Ooi-ona  is  above  it,  two  or  three  honrs  west  of  tlie  igcnitll. 

f  Commencing,  as  in  tho  finit  position,  willi  tlte  constellatiout 
whidi  lie  along  the  Milky  Way,  we  start  upwards  from  Cas- 
siopeia, pass  Cepheus  and  Lacerta,  neither  of  which  coutaiiu 
any  striking  stars,  and  then  reach 
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O/yniu,  the  Swwi,  now  tiorlli-en&t  frvmi  tlic  zcnitli,  v\i\tA 
mar  be  recognized  by  four  or  five  stare  forming  s  cross,  di> 
redly  in  the  Uilky  Wnr.  Tlie  briglitort  of  tbctt  ttus  soowf 
wliat  exceed*  the  brightest  ones  of  C^wiopeio. 

/jym,  t]ie  Harp,  is  west  »nd  south-wost  of  Cygnue,  and  nc 
tb«  xenith.    It  contains  the  briglit  star  Vegu,  or  ■  I.%*ne,  • 
the  finit  niagiiitnde,  of  a  brilliant  white  color  with  a  tinge  of 
blue. 

Pawing  south,  over  Vulpecuh,  the  little  Fox,  and 
tlie  Armw,  the  next  etriking  iMJiislellalion  we  reach  is 

Aquita,  tl>c  Eagle,  now  midway  between  tlic  zenith  aitd  thai 
lioriiKMi,  and  two  lioan  east  of  the  ineridian.     It  contains  a"! 
bright   &lar  —  Allair,  or  a    Acjailie  —  sitnated  Itetween    two 
siiialler  ones,  the  row  of  three  Man  running  nearly  north  aiu] 
south. 

We  next  pass  vest  of  the  Alilky  Way,  and  direct  onr  atten- 
tion to  A  ^toint  two  honra  weet  of  the  meridian,  and  some  dis- 
tance towards  tlio  south  horizon.    Here  we  find 

Hy>rpiu»,  the  Scorpion,  n  xiodiacal  couitelUitioti  and  a  quite 
brilliant  one,  containing  Autarts,  or  a  Scorpii,  a  reddiiili  star 
of  nearly  the  tint  magnitude,  with  a  smaller  star  on  eaeh  side^ 
of  it,  and  a  long  curved  row  of  stars  to  the  wc»t. 

SnyHlariiu,  the  Archer,  comprises  a  large  collection  of  sec- 
ond-magnitude stars  cast  of  Scorpiiis,  and  in  and  east  of  the 
Milky  Way,  and  now  extending  from  the  meridian  to  a  pmnt 
two  lioun  east  of  il. 

Gtpriramtta,  itio  Goat,  another  zodiacal  oonstollatioo,  is  now 
in  the  Moth-«a»t,  but  contains  no  striking  stars.  Tlie  sanw 
remarlt  applies  to  Aquarian,  the  Water-bearer,  whidi  has  jntt 
id«cn,  and  Piteet,  the  Fishes,  jiartly  below  the  eastern  horizon. 

[.eaviiig  the  zodiac  again,  we  And,  north  of  Scorpius  and 
west  of  the  Uilky  Way,  a  very  large  pair  of  constellations, 
called  Optihiehus,  the  Serpent-bearer,  and  Sa-peiu,  the  Serpent. 
Ophitichtis  stands  with  one  foot  on  Scorpius,  while  his  head  isi 
marked  by  a  star  of  the  second  magnitude  twelve  dt^roc* 
north  of  tin  equator,  and  now  on  the  meridian.  It  la,  there- 
font,  one-third  or  one- fourth  of  the  way  from  thw  zeoitli  to  the 
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horizon.  Tlio  Serpent,  which  he  Itoldti  in  his  hftiidit,  li««  with 
Il8  tnil  in  an  i){>i-niti^  nf  the  Milky  Way,  (winUi-wost  of  Aqiiila. 
while  its  n«vk  and  head  uro  foviniMl  by  a  collection  o£  etars  ol 
the  wooim],  third,  and  fouilh  niugnitudc^  some  distance  north 
of  Soorpins,  and  extending  np  tu  the  boidere  of  Boute'. 

Ilvnidfa  is  a  very  iargu  c-otii^tellatioii,  bounded  by  Corona 
■  on  th«  wcet,  Lyra  on  the  east,  OphiiiehnB  on  the  south,  and 
Drnra  oti  the  north.    It  is  now  in  the  zenith,  bat  contains  no 
striking  etare. 

IDracOfKha  Drmgon,lii»  with  hia  head  just  north  of  IIcrcuIcK, 
'while  hia  body  is  marked  by  a  long  curved  row  of  fX-xn  ex- 
londiug  round  the  pole  between  the  Groat  and  tlio  Little  liuar. 
His  head  is  i-cadily  rccogniised  by  a  collection  of  stars  of  the 
Recond  and  third  ma^itudes  which  might  well  suggest  sadi 
,     au  objwt. 

H  J''our4h  Petition  of  the  Spfure. — The  southern  constellations 
an-  now  found  on  Maps  V.  and  II. — thofe  uf  Mn{i  V.  wo«t  of 
tliu  nieridiuii,  those  uf  Map  11.  ea^t  of  it.     The  times  are : 

I8epieRil)«  Slit at  miilniBhi. 
'            OctolxTi'  al-1 H  10  oMock. 
Korembn  20th ...>... at  8  u'vlork. 
L          Decern  l«r  31(1. at  0  o'clock. 
Tn  thi»  [Huilion  Cafeiupeia  is  just  north  of  the  xeiiitli,  wliite 
Ursa  Major  it;  glimmering  in  (ho  north  liori?.on.     Following 
the  ililky  Way  from  CaniojMtia  towards  tlic  woet,  wo  sliall 
vrois  OphciiR,  CygnuH,  Lyra,  and  Aijuila,  while  towards  the 
eaat  we  pase  Perseus  and  iVnriga,  all  of  which  have  I>een  de* 
scribed. 

lu  tlic  i)<tntfi,  tlie  prinei)>al  constellation  is  Pfjatua,  the  Ftj- 
ing  ilorse,  distinguished  by  four  titavt  of  the  second  magn!- 
tode,  which  form  s  largo  equaro,  each  side  of  which  is  about 
lenitcon  degrees. 

Aitdromedat  her  hands  in  chains.,  is  readily  found  by  a  row 

[of  llireo  bright  etan  extending  north-caet  from  the  north-east 

ncr  of  Pi^asiis  in  the  direction  of  I'erseus. 

CWus,  the  Wliale,  is  a  large  constellation  in  the  south,  ex- 

I  lending  from  tlio  meridian  to  a  point  three  houi-e  east  of  it. 
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[is  hri^htot  *tai«  nre  fi  Ccti,  now  nenr  the  meridian,  at  an  •!• 
titiidv  of  20^,  wliicli  sUDtls  by  itralf,  and  n  Ceti,  about  20^  bo- 
low  Aric«,  which  is  now  aboot  SO^  louth-oast  from  lite  zenitlL 
The  reader  who  wiihca  to  consult  the  oonstellalions  ifl 
grcattir  detail  can  rcadiljr  do  so  by  moatis  of  the  etsr-tnajie. 

g  3.  Xtio  ami  Varuible  Start. 

The  large  inajori^  of  etans  always  appear  to  be  of  the  eaus 
briglitnew,  thooj^  it  it  quite  poieiblc  that,  if  itro  quantity  of 

tight  Cfnitted  by  a  Blar  could  be  Tneasured  with  entire  preci- 
fiiiAi,  it  would  hv  funiid  in  all  cases  to  vary  slightly,  from  tirne 
to  time.  Tiiorc  nre,howc^-er,qiiito  a  number  of  stars  in  whivh 
the  %'ariation  i3  so  decided  tliat  it  has  been  detected  by  coin- 
paring  their  apparent  bri^hlnees  with  tliat  of  other  stars  at  dif- 
ferent times.  Morethoiiahuiidrod  siicli  atan  arc  now  known; 
but  in  a  lar^ge  majority  of  cases  the  variation  is  so  slight  that 
only  careful  otieenalion  with  a  practised  eye  can  pcrcvive  it. 
There  are,  liowovor,  tn'o  stare  in  which  it  is  so  decided  that 
the  most  cnsunl  ubtwrver  has  only  to  took  at  tlie  proper  times, 
in  order  to  see  it.  Tlieao  arc  j3  Pereci  and  o  Cotl,  or  Algol 
and  Mira,  to  which  we  mtgtit  add  q  Ai-gi»,  a  star  of  the  eentfa- 
eni  Iicmisphcre,  which  exhibits  variations  of  a  very  striking 
cbaravler. 

Varialima  of  Algol. — Tliis  Mar,  marked  (i  in- llio  constd* 
lation  Foreeiis,  may  bo  readily  foimd  on  M^  I.  mid  11.,  ht 
right  aiscension  3  hount  and  dculinatiun  40"  S3'.  When  once 
found,  it  is  readily  recognised  by  ita  position  nearly  in  a  line 
between  two  smaller  stare.  TIil-  most  favorable  seasoM  for 
■leciiig  it  in  tlie  early  cvciiiiig  arc  tlio  autumn,  winter,  andj 
spring.  In  autumn  it  will,  after  sunset,  generally  be 
down  in  the  north-east ;  in  n-intor,  high  np  In  the  north,  not 
far  from  tlie  zenith;  and  in  Hprinc^,  low  down  in  tlio  notlh 
west.  Usnally  it  aliines  as  a  faint  second-raagnilndc  alar:  on 
an  aocurule  scale  the  mitgnitiido  is  abont  3}.  But  at  inter- 
viik  of  a  little  less  tlian  three  dam,  it  fades  out  to  tlie  fourth 
magnitude  for  a  few  hours,  and  then  reHumes  \U  usual  splen- 
dor onco  more.    These  dianges  wore  first  noticed  about  tvr9 
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mnturies  ago,  but  it  wh»  not  till  17S3  (liiit  tlivy  were  accn- 
ntely  observed.    The  period  U  now  known  to  Iw  3  dure.  SO 
hours,  49  tniiiiiti^     It  was  long  ago  «u^'gvetcfl  lliAt  lliis  plie- 
^tioiiienon  was  a  partial  eclipse  of  the  star  bv  a  dark  plimet  rc- 
vulvjng  iroand  it.     ThiK  view  lias  bccii  coiitirnmd  in  a  rcmnrk- 
able  way  bjr  tlio  researches  of  Dr.  Vogel  at  I'otWain,  by  dcter- 
tmining  its  motion  in  Uio  line  of  tight,  us  explained  in  §  7  of 
[lliis  chapter.     He  fonnd  that  before  each  «cli|>se  the  star  was 
[  moving  away  from  the  onrth,  and  after  it  toward  llic  earth. 
il>iieh  an  alternation  of  niotiona  could  only  nrieo  from  the  at- 
Inctioii  of  a  revolving  body;  and  the  eolipsca  occur  ii«  llio 
body  is  shown  to  he  on  this  side  of  the  star.     The  same  obser- 
vations enabled  bim  to  find  approximately  the  size  of  botli 
■tar  and  planet  and  the  velocity  of  ttie  latter  in  its  orbiu 
I      Forniorly  the  variation  of  tbo  period  offered  a  diflicntty  in 
■coepUng  tbia  expLination,  but  this  difficulty  whs  resolved  in 
a  most  bappy  way  by  Mr.  S.  C.  Chandler,  of  (^mbridge,  who 
showed  that  Algol  was  probably  revolving  round  yet  another 
OOMeo  body  in  a  period  of  more  than  a  century.    When  com- 
ing toward  us  in  its  orbit,  the  period  would  be  shorter  be- 
cause the  star  wonid  partly  overtake  tbo  light  by  which  we 
leo  it,  when  moving  sway  longer,  because  tbo  light  would 
bavo  farther  to  travel  after  each  soocessive  eclipse. 

Another  remarkable  viuiahle  star,  but  of  an  entirely  differ- 
eut  type  is  o  Ceti.  or  SUra  (the  Wonderful).  It  may  be  found 
on  Hap  II.,  in  rigtit  ascension  £  lioura  12  minutes,  declination 
if  39'  south.  During  most  of  Uie  time  this  star  is  entirely 
invisiblo  to  the  naked  eye,  bnt  at  intervals  of  abont  wieven 
muntlis  it  shines  forth  witli  the  brilliancy  of  a  elar  of  tlie  tco- 
end  or  third  magnitude.  It  ift,  on  tlic  nvemgi'.  iihout  forty 
days  from  tlic  lime  it  tint  beoomet  visible  until  it  attaius  its 
greatest  brightnenn,  and  it  then  roqutres  about  two  motitlis  to 
become  invisible;  so  that  it  oomee  into  siglit  more  rapidly 
than  it  fade*  away.  It  is  expected  to  attain  its  greatest  brill- 
iancy in  November,  1877;  in  October,  1S78,  and  so  on,  al>out 
a  month  earlier  each  year;  bnt  the  jjoriod  i»  (jnite  irregular, 
ranging  from  ton  to  twelve  months,  so  that  the  time*  of  its 
U 
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•ppewmnee  ctanoc  be  predicted  wiili  etnaiaty.  It*  mmzininm 
bn'lliuicT  is  atto  v«riaUe,  beii^  tMncttmea  of  tbe  seeood  mag* 
mtade,  and  u  otl>eri  oniy  of  tbo  tUird  or  foaitli. 

n  Anpu. —  I'eriiApa  liie  mo*t  extnordioaiy  klMVo  vsfiabW 
•Ur  in  tbe  buTeos  is  q  At^uA,  of  tbo  toatfaem  beuueyheie,  o£ 
wtitcli  th«  potitiou  it.  rigbt  Moduion,  10  boon  40  titiuutcs; 
doclinatioii,  iO"  I'  soutii.  Beiti^  »o  far  »outh  of  tbe  eqnatnr, 
it  cannot  be  m-«o  in  our  latitiidus,  and  tli«  dtecorefjr  and  ttb- 
■enaiioas  of  tbo  varialioiu  of  itt  li^iit  lia^-e  been  geaerallr 
nedo  bjr  attronomcrs  wbo  )iave  ^i^ited  llie  •oatbem  hniii* 
■pbere.  In  16T7,  Ilallvy,  wbilc  nt  St,  Helena,  foand  it  to  be 
of  tlif  foiirlb  magnitude.  In  1731,  Lacaillu  found  ibat  it  bid 
iovrenwd  to  tbe  second  mafrnitudc  From  ISH  to  163^  it 
ranged  between  tbo  6nt  and  second  uia^itadeGi.  Tbe  tint 
careful  obftcnatioiM  of  its  variability  woru  tnado  br  Sir  Johlt 
Henelicl  wbile  at  th«  Cape  of  Good  ni>|«e.  He  *ay*:  "It 
vw  on  tbe  l(>tb  December,  1837,  tliat,  resuming  llio  plioto- 
metrical  comparisons,  my  astontsbmont  was  excited  by  tbe  ap- 
peaniuoc  of  n  new  candidaic  for  diMinction  among  Uie  rcfj 
brigbtcfit  »Um  of  tlie  tint  magnitude  in  a  {wrt  of  llto  Itcsr- 
ens  witb  wbioli,  being  perfectly  fatniliar,  I  was  certain  lliat  no 
sncli  brilliant  object  liad  before  ttccn  £cen.  After  a  momen- 
tary hcflttution,  tin  iintnral  oon^equcnco  of  a  pbonomction  so 
nttfiriy  unexpected,  and  referring  to  a  map  for  it«  oontitftira- 
tiOD  witb  otliL-r  coiupictious  t^ars  in  tlie  neigbborhood,  I  lie- 
came  Kati»ticd  of  its  identity  wiih  my  old  acqnainlaiio«,  n  At- 
gat.  Its  light,  was,  however,  nearly  tripled.  While  yet  low, 
it  etpialled  Itigel,  and,  when  it  attained  mme  altitude,  WM 
decidedly  greater."*  Sir  John  elates  that  it  continued  to  it 
oreaae  nntil  January  3d,  lUZa,  n-licn  it  no*  nearly  tuatohe 
with  a  Centaari.  It  tlien  fade^l  a  little  tilt  tbe  close  of  lib 
obicrvAlioiDt  in  April  following,  but  was  still  as  bright  as  Al> 
deharan.  But  in  1S42  and  1843  it  binxcd  up  brighter  tbaii 
ever,  and  in  Harcli  of  the  latter  jear  was  second  only  to 
tiiriits.    Dni'ing  llio  twcnty-fivo  years  following,  it  slowly  but 

■  "Aaltanoiuirnl  OtMC'vailoni  ai  the  Cups  elOood  He^."  p.  U, 
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!v  dimitiisbed :  in  1S67  it  was  bnrel)'  visiblv  to  the  nakod 

ftii<l  tlto  year  follovring  it  vuniehed  entirely  fi-oin  itiu  iin- 

atsisted  view,  nnd  lifi«  not  jot  begun  to  recover  its  bi-ijfhtnew. 

When  we  epeak  of  this  star  as.  tlie  ino«t  rciiiarkablo  of  tbo 
vcll-known  variabW,  wo  refer,  not  to  the  mere  ran»c  of  its 
vftriatiom,  but  to  it«  brillintivy  when  ut  its  inaxiitumi.  tiev* 
era)  cases  of  equally  great  variation  are  known ;  bnt  tlie  Htare 
■re  not  io  bright,  and  tJioroforo  would  iiot  excite  so  much  no- 
tiue.  TIiti»,  llic  »tnr  li  Andromeda,-  varies  from  the  tixlh  to 
iho  tliirteentb  magnitude  in  a  pretty  regular  [wriod  of  405 
da^'s.  Wbi-u  at  its  brightest,  it  is  jnst  visible  to  llic  naked 
«ye,  while  only  it  hirgu  ielu«c-o]>o  will  k)iow  it  when  at  its  inin- 
iiuum.  A  number  of  others  range  through  tive  or  six  orden 
of  magnitude,  but  o  Coti  is  the  only  one  of  tliese  which  ever 
becomes  n«  Wight  us  the  second  mngiiitude. 

The  forejfoiiig  stars  are  the  only  ones  the  variations  of 
'bich  would  strike  tho  ordinary  observer.  Among  the  bun* 
ivuiuining  ones  which  asti'onument  Imvo  noticed,  jfl  Lyna 
16  remarkable  for  liaving  two  maxima  and  two  minima  of  un* 
equal  brilliancy.  If  wu  take  it  when  at  its  greatest  minimum, 
we  find  its  niaguitudo  to  bo  4^.  In  tho  course  of  tliree  days, 
|it  will  ri»e  to  magnitude  •i^.  In  the  ooui^c  of  the  week  fol- 
lowing, it  will  Jir«t  fall  to  the  fonnh  m^nitndc,and  inereo.'ie 
again  to  maguitudo  3^.  h\  throe  days  more  it  will  di-up 
s^n  to  its  minimum  of  magnitude  4^;  tlie  ]>erIod  iu  which 
it  goes  through  all  itj»  clmngtis  Iwing  thirteen  days.  This  jio- 
riod  is  constantly  increasing.  The  changvs  of  this  star  can 
best  be  seen  by  comparing  it  with  ilit  nviglibor,  y  I.yiie.  Some- 
titneit  it  will  ap[>car  cqiially  bright  witJi  the  latter,and  at  other 
times  a  magnitude  amaller.* 

'  •  In  1875,  Profcisor  Schijiifeld,  no*  dii-Mior  of  lliB  oIi»ervnioiy  nt  Ilonn.  pofr- 
lUted  ■  Miap1oI«  rainlogiic  of  known  mrinMe  ainrs,  ihe  total  ntimtmr  l>c>ii|i  143. 
Tha  ftJIowing  nro  tlic  more  rcmnikable  ones  of  Iiii  liil.  The  poniiiuut  an  n- 
fcnod  Io  the  ecliptic  nnd  Hpinox  of  187^: 

TCasuopelic:  ilglit  ouioniltin, 0  h«un  10  niimiiw 911  leninilf ;  d«clinnliiiii, Hit* 
(t'.O  N.— Tliti  if  n  ea*e  in  which  n  UAt,  hating  on™  boen  obtent'l.  \y«%  nfter- 
mrdt  found  to  be  nilsring,  Exjiminnilon  ■hntrvFt  ilinl  it  hml  >n  Air  c)lin<i>i>1ii«l 
u  10  be  no  loii£er  liiible  v itboui  a  Urgut  l«lwcu|i«,  nnd  vontiiiUBd  ulMnniiani 
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Xfw  Stars. — It  wae  oikip  siipiK^ed  to  be  no  iitieommon  opcui* 
rciioe  for  new  stare  to  cuiiic  itito  osiEtence  and  uld  ones  to  di^^ 
Rppear,  t}ie  fortuor  halng  looked  n)>oii  ae  now  creations,  audi 
tliu  diir»])poannoos  lu  duo  to  tlie  dattrntition  or  nnniliilnliun 
of  l)ioi>c  atara  which  had  fiilltlled  tlioir  ond  in  the  economy-  of 
iiatiii'e.     Tho  euppuscd  disapiKinmDciM  of  tiare  aru,  however, 
fotntd  10  liavo  no  oerlatu  foundation  in  fact,  probahly  owir 
thvir  oriji;in  to  eiTore  in  lecording  tlia  {Kwitton  of  Btare  actu- 
ally existing.     It  was  explained,  in  truatini;  of  Pravticul  As- 
Iranomy,  Ihiit  tliu  mttrononicr  dctcnninei*  ilie  position  of  R 
body  in  tho  celestial  vault  by  obst-rving  tlte  clock-time  at  wUiclij 
it  pasEce  tho  meridian,  and  the  ])osition  of  tho  circle  of  Ins  in 


■howtil  )t  to  nngt  &Din  the  aeventh  lo  lli«  elerenlli  maKnitait*  wUb  ■  legnltf 
period  nr  IttG  clnv>>. 

It  Cauiopcin :  right  Bfocniion.  0  honn  17  minoioi  G2  icconil* ;  dodinub 
as"  ^T.n  N.— TIiIb  m  aujipowil  lo  be  the  celebi'al«il  *liir  nlijch  bloMil  ont 
fioi'ombor,  KiT'.'.  flnd  nu  hi  fully  dcicribod  by  Tydia  QrnliD.     But  tbo  (iroorof^ 
Identity  can  linrillr  be  cnniitlci'od  contluiivo,  taptdMj ■*  no  tiutnilon  hn*,  at  i 
corn  y«nn.  been  ooliced  in  ibe  »tar. 

e  Ccd :  ligbt  luccTisitm.  :!  \ioan  13  minntoi  I  *ccond ;  dodlaotlMi,  S'  SiT.I 
S.  -  Wo  have  ali'andy  dcicribed  Ilie  TnriaUoiii  ot  thU  liar. 

0  Vena,  or  Algcil :  riehi  n<con*itin.  a  honn  0  mlniitet  S  *eonih;  dtelliut* 
tioii,  <()'  Ss'.4  N.— The  vnrintlonn  of  llib  «lar,  whi«h  I*  lira  nioa  nialtf  OIM 
knoM-n,  liBie  jutt  been  docribed. 

It  Aurigs:  ri^lit  ntcenilDn,  j  boiiii  T  minutci  1^  lecond* ;  detlimtlon,  i 
SG'.iS  N. ~TI)li  ntnr  u  cine  uf  icir  nido  nnd  cain|>luic  vartnildii,  thnnitlng  ftem  ihfl' 
■ixih  iQ  ihe  thiiteentli  mntiniiudc  in  n  porioil  of  nboat  IGS  dnyv. 

R Gemiiiorum ;  righl  luceniion,  It  buur*  Cli  mlnuia  41)  »oc(tnd>:  dor(inatloa,rj 
U'fiS'.e  N.— Thuitnr  wu  dunivcrod  by  Mi'.  Iliiid,  of  England,  and  n(ie««1 
tneen  t[io  auronth  niiil  the  tivelftb  lonipiitude  in  a  period  of  371  dntn. 

UGemiiiui'am;  right  (uconiion.  '  honii  47  minutm  41  nccoiidii:  dedinntloii, 
82°  lO'.T  N,  — An  irmgnlar  rnrinble,  nerer  vialbta  to  th«  nak«d  eye,  nmut 
for  till!  rnpidiif  wiib  wliich  It  lometiTnoi  clinngoa.  Sch&nfoU  rajr*  ihM  In  K«l 
nury,  I^(i9,  it  incri'ousnl  three  en  lire  mngiiiludoii  in  2i  hour*.  The  pnioib  of  In 
BTMtex  hri^jhlncH  hnvonrnged  from  T.^  id  1117  diiyi. 

<l  Arga*:  rigbt  niccniion.  Ki  houn  4i>  minutes  13  nconda;  darliniithiD,  OI^J 
I'.C  R.— This  retnnibibla  object  hiia  nlicndy  been  docrilicd. 

R  Ilidrn:  right  mcaiinion,  13  haul's  'J'J  minutes  03  noond*;  dcdlnallaii,  ', 
38'.o  S. — The  variiibiliiy  of  lUii  lur  ivai  ircogniicd  by  Muraldi.  in  1TD4.     lii 
ItenetBlly  Jniiiibie  lo  ibe  nnlied  ere.  but  riHis  to  pbouC  the  Rfih  mafnltDde  i 
Iniarvnl*  of  nboiit  (37  duyt.     Its  peiiod  sooms  lo  be  diminiihiiif,  hattng  1 
■bout  MO  liajt  when  lirsi  discolored. 
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etrii~ment~wTien  his  tel^coj^e  ia  poiDted  at  tlie  object.  If  lie 
lta[)pt:iis  tu  iiiuku  a  mUtakc  in  wnliii^  ilijwii  luiy  of  those 
iitiiribcrs— if,  for  euiiiiplv,  he  gets  his  clovk-tiiue  otic  tiiiimto 
or  live  minutes  wi-onjr,  or  ))iile  down  a  n-rong  iiiimhep  of  de- 
grees for  tlic  poeitioii  of  hifi  circle— ho  will  write  down  tho 
potitioii  of  tliu  star  whor«  none  rckWy  exists.  TJioti,  some  sub- 
■eiueiit  HAtroiinitier,  looking  in  this  plaue  and  scoiiif;  no  star, 
majr  think  rliu  star  Los  dies[>pc»rcd,  whuii,  iu  rcalit,r,  tht-ra  wu 
iicttr  any  ttmr  tliciv.  Where  tlioiiMind))  of  iiumlwrs  Iiuvo  to  bo 
writion  down,  aiich  niiatakes  willsoineliincs  occur;  nnd  it  is  to 
them  llmt  some  casn;  of  supposed  ditfappt-aniiioe  of  stars  are  to 
bo  ttttribiited.  Tlicro  Imvc,  however,  been  several  vane»  of  ap- 
]wmit)y  now  srnnt  coming  ^nddenly  into  view,  of  which  we 
shall  describe  some  of  tlie  most  rvniarkablc. 

TCoranc!  riglii  ni(?eniiun,  IS  lioun  M  mfnntM  10  tecnnil*:  iJccllnntiun,  SIT 
tO'.a  K. — Tliii  i>  iho  "  iiew  itur*  wliich  bUicd  uoc  in  iliu  Norilinni  L'tunn  in 
IMK,  lu  hareafiFr  Jeicrilioil.  Of  Inie  yenn  it  liui  remAiiivtl  liulnccii  ilie  oinlh 
■uiil  leiilh  mni^iiiiilci  inilioiii  nliibiitnjt  any  romirliabic  viriolions. 

T  tjcorpii:  riflic  osrcDiion,  Hi  iionn  U  iuinul«>  SIS  Mcondi;  dectinnlion,  33^ 
liy.O  S. — Tliii  itar  n-ni  illiKOTcrciJ  by  Auxen,  in  ISGO,  in  ilio  mi-lii  of*  well- 
knaxn  clutter.  It  i^dunllT  iliminiilinl  during  tli«  (oll^wing  tnonihi,  and  finoUj 
itiu|>|>MiVil  viiiirrlr  ATniitiK  ihc  ttart  br  nliich  il  it  unmiitndod. 

—  SrnKinliirii :  tr]{ht  luccniion,  IT  lionii  'J.I  mlnulu  0  tpcondi :  ilwllnntlon, 
21°  S'XA  tv — Thu  ia  >iii)i|-uud  lu  lio  ihn  cclebrn'cd  "new  Mar'*  tocn  and  d^ 
vriboii  b^  K«p1iir  In  1<1UI,  acion  la  be  ilivcrilieil. 

X  (\i'IPil-  riglil  Mceiiiiiuii,  111  Iiouiv  ir>  iiilniilH  IC  aNanda;  d>w)innllon,  :lZ°33'.fl 
N. — Thi*  alai'  h«comi»  ii-lUn  (o  tho  naked  eye  at  inlsnnU  <if  nboiii  JiKl  Jav*.  nnd 
ibm  alnki  lo  llic  tuelTlb  or  tliinvcnth  inagtriilndii,  aa  ihiu  oidy  Inrge  tclucopea  will 
■bov  li.     Iu  groflicK  brighlnCM  nuiget  fivm  llid  fnnnh  to  ll«  tixlli  magnitude. 

V  Aijullot :  tigfn  ucfinnion,  19  lionn  lii  mlnuiM  i>  nwnndi ;  dcEUnniian,  Cf 
4l'.3  X. — Thii  lUir  varios  from  mnftiiitude  3)  lo  41,  and  li  llionifi>co  ons  of 
lho*e  wliieh  enn  nndllj  bo  obotved  with  ttia  iiatMiI  oyo.  Iu  period  is  *  d«j*  4 
boon  14  mln4ii«i  i  MConda. 

P  Cfgni :  ri)[lit  oKannian.  10  hour*  13  iBlniil«<  1 1  toeondi ;  dodloMlon,  Sf 
Sn'.7  N.— 'Uiil  in*  (iippoaiMl  (.1  lie  n  new  i^tHr  in  li^x],  iihon  it  won  Hiii  feen 
br  Jnnion.  Daring  tho  rnrnmiidei'  nt  the  ctinlnty  11  inriod  from  tho  ihttd  to  iha 
rixtb  mngnimdo;  but  during  two  enntnilet  wlili^h  bnvo  »lnee  olnpwd  nu  further 
nriatloni  hare  licen  noticed,  ihoilar  being  cuncinnilr  of  the  ftlih  raacniinde. 

|i  O^lid:  right  uKtnrion,  21  hourt  H'J  tninutci  41  ioei>n<l<:  decltnaiioa.  £8* 
I3'.4  N.— One  of  ilio  redden  tan  tiaihlo  lo  the  naked  eye  in  ihe  natibem  tietnt 
•phere.  It*  mnRiiiiudo  ii  fuuiid  to  'ar;  fram  [be  feurtb  to  ihs  Hfiti  ia  »  ler]  i» 
tegulnr  inaDnnr. 
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THB  STELLAR  UXirEBSS. 


Til  1573  nil  a))pai«iilly  iww  »Inr  ^iiowcd  it«clf  in  Ciie«io[>ci&  ' 
It  Wiio  tint  Ken  bv  Tjdio  lirabe  on  Xovomticr  lltli,  when 
it  bad  attained  the  finit  nta^itiidtf.  It  )Ocrcfli»;d  rapidly  tu 
brilliaiu-v,  Hoon  bcooniing  oijual  to  Veiiiu,  to  that  good  e\t$ 
could  dieci^ni  it  in  full  daylij^lit.  In  December  it  begAO  to 
grow  enmllur,  and  continued  gradually  to  fade  away  until  the 
month  of  Marcb,  157-1,  when  it  iKfame  iHviwhlo.  Tliis  wm 
forty  year*  l>ofore  the  invontion  of  ilie  lele9«:o)>e.  Tycho  liaii 
left  us  an  extended  ti-eatiae  on  this  meet  romai-kable  star. 

In  16U4  a  similar  pheiiontciiou  was  seen  in  tlte  conHlelU- 
tion  Ophiuchuit.  Tlie  Mnr  was  liret  noticed  in  Octolicr  of  that 
year,  when  it  luid  attained  the  tirtt  loagiiitude.  In  tlie  follow- 
ing winter  it  1>egaii  to  wane,  but  remained  visible  during  tlw 
whole  year  160&.  Early  in  16i>€  it  faded  away  eiitintly,  hav- 
ing been  visible  for  more  tlian  a  year.  A  very  fnll  liittory  of 
tliis  star  has  been  loft  to  us  by  Kepler. 

The  ruoBt  etrikiug  recent  case  of  this  kind  was  in  May, 
18641,  when  a  star  of  the  second  ningiiittidc  suddenly  ap)w«iud 
in  (Corona  Horealts.  On  the  1 1th  and  ISlli  of  (hat  month  iti 
was  remarked  independently  by  at  least  live  observere  in  Ea-\ 
rope  and  America,  one  of  the  ^r»I  being  Mr.  Farqiihar, of  ttie 
United  Slates  I'atent-otlioe.  \VIietIier  it  really  blazed  oat  as 
snddoidy  as  this  would  Itidicato  has  not  been  dcSnitJvcly  eot- 
Uod.  li,  as  would  seem  most  probftble,  it  was  »et'Cral  day* 
;tltaining  it#  grenteitt  brilliam-y,  tlien  the  oidy  person  known^ 
to  have  seen  it  was  Mr,  Beujnuiin  nnllowell,  a  wcll-known'1 
teauhcr  near  Waslitn^n,  whoite  testimony  is  of  snoh  a  naliiro 
tliat  it  is  hard  to  doubt  that  the  alar  was  visible  several  days 
before  it  was  generally  known,  t  hi  the  other  hand,  Schmidt, 
of  Athene,  a«8crts  in  tlio  most  jxtsitive  maimer  that  the  star 
was  not  thci-e  on  May  10th,  because  lie  was  tlien  scanning 
lliat  part  of  the  heavens,  and  would  certainly  have  noticed  it 
However  tlie  fact  may  luivo  been  in  this  particular  case,  it  is 
noteworthy  that  none  of  tlic  new  stars  we  have  described  were 
noticed  until  they  had  nearly  or  quite  attniiicd  their  greatest 
brilliancy,  ft  fact  which  gives  color  to  tlie  view  that  tlioy  tia^'e 
all  biased  up  with  great  rapidity. 
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In  November,  1S76,  a  now  rtar  of  tlic  lliin!  ma;Er»itiKlo  was 
^Iwlivcd  \>y  i^oliriiidU  wf  Atlivii*,  in  tlin  coti'-lullntion  (.Vj^inis. 
lit  MHni  liegan  to  fiicle  n\va_v,itiid  disn)>|)care<l  from  Ilie  minided 
viBioii  in  a  fvw  wevks.  The  position  of  the  constellation  Cyg- 
iiiw  Wfome*  M>  nnfiivomble  foroliservHiion  in  November  tint 
very  few  people  got  a  »ght  of  tliis  object. 

■  Tlie  Tiow  that  llie8e  bodicii  may  l>o  now  n-eations,  designed 
to  milk  perinancnily  among  tlieir  fulliiw-»tju*,  is  compk-tely 
refuted  by  tlieir  transient  cliaiactei',  if  by  noibing  elae.  Their 
B)>|>arL-nlly  ephemeral  exietenee  ifi  in  etrikiug  contrast  to  the 
}>ej-iniincmey  of  the  iAAxa  in  general,  vrhiub  endure  from  igo  to 
■•{<;«  witliout  any  change  whatever.  They  are  now  classilied 
by  astronomcro  among  the  variable  etars,  tbcir  changes  being 
of  a  very  irregiilai-  and  litfiil  uhniuetor.  Thei-e  is  no  verioiis 
donht  that  they  were  all  in  the  heavens  as  very  small  sl^rs 
before  they  blazed  forth  in  tliie  esti'oorditiary  manner,  and 
tliat  they  are  in  the  same  place  ycL  Tlio  po»itJon  of  the  star 
of  1572  was  earafnily  determined  by  Tyeho  Di'ahe;  and  a 
small  telueiMpic  Elar  now  esists  within  I'  of  the  place  com- 
puted ft'iim  his  oboervations,  and  is  pi-obabty  the  Mime.  Tho 
Mar  of  1$(>0  was  found  to  have  been  recorded  aa  one  of  tho 
ninth  magnitude  in  AigehinderV  great  aitalogiie  of  the  fXan 
of  tlto  northern  hemisphere,  completed  several  years  before. 
After  blazing  up  in  the  way  wo  have  described,  it  gradually 
faded  away  to  its  former  Inaignilicanee,  and  has  shown  no 
farther  signs  of  breaking  forth  again.  Tlioro  is  a  wide  differ- 
once  between  tJicso  invgular  variations,  nv  brcaking-furth  of 
ligtit,  on  a  »in<;1o  occasion  in  the  course  of  centnrlcH,  and  the 
It^lar  changes  of  Algol  and  fj  Lyra'.  Unt  the  careful  obsor 
HValiotw  of  the  industrious  uit.rononier«  who  have  devoted  them- 
^pelfes  to  thin  subject  have  i-esulled  in  the  discovery  of  >lara 
Bpf  nearly  every  dogroo  of  irregularity  between  these  extremefi. 
^Boino  of  tlicm  change  gi-nilually  from  one  magnitude  to  unothor, 
m  the  conr»e  of  years,  witliont  seeming  to  follow  any  law  wlial- 
erer,  while  in  othcnt  some  tendency  to  n^ulanty  can  be  faintly 
traced.  The  bestconnectitig  link  between  new  and  variable  Miin 
it,  perhaps,  afforded  by  q  Ai-gus,  which  wc  liavc  just  deucribed 
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It  U  prob«b)e  that  tlie  varitilions  of  tight  of  wliidi  ve  Iwra 
epokcii  aro  Uio  result  of  o|>crulioii«  going  oii  in  tito  etar  iteelf, 
wliicli,  it  nmsl  he  reiiieiiilrergd,  is  n  biwi^'  of  tlie  sjiino  onlur  of 
tnagnitiKle  aii<l  briUiaiii^  with  our  eiin,  and  that  Ihoae  o{i«ra- 
tioii8  uro  niinlogoiii^  to  tlioto  which  pi'udnoo  the  »oliir  epoU.  It 
wna  l^hon'It  in  tlie  chapter  on  the  biiii  that  l)io  fi'equcticy  of 
Botar  spots  eliovrs  a  period  of  olovon  vearB,  during  ono  portion 
of  which  there  ai-c  freipiently  no  »\tot»  at  all  to  ho  booh,  whilo 
during  another  jmrltun  tliey  are  ver^  nninerons.  IIciU'^c.  if 
an  obeert'er  so  far  aws;  in  the  Ktollur  plai.-vs  as  to  eve  our  s.\m 
like  a  Mar,  vould,  from  time  to  time,  make  vxiivt  ni«H)^tirM  of 
tilt!  iinioimt  of  hght  it  eiuilled,  he  would  tind  it  to  I>e  it  %ari* 
able  star,  with  a  period  uf  eleven  years,  the  amonnt  of  light 
being  least  when  wo  i»ec  most  i^pol*,  and  greatest  when  there 
are  few  spots.  Tiip  vni-inliou  woiikl,  indc>e<l,  he  eo  slight  tlint 
we  eoiild  not  pei-ccive  it  with  any  photoinctrie  mcnnti  wliidi 
MTU  pc«suas,  hut  it  would  exist  iicvcithdcfis.  How,  the  general 
analogies  of  the  imivei^*,  a«  wi^ll  as  the  lestiniony  of  the  h\ta> 
(rojtcope,  lend  us  to  belie\'e  tliat  the  plu-sical  eonstiliilion  of 
tht'  aim  and  tlio  i-tare  is  of  the  same  general  iialiirQ.  Wu  may 
thvrufoi'e  oxpoct  tiiat,  us  we  eeo  spot«  on  tliu  sua  which  vary 
in  fonii,  siTc,  and  number  from  day  to  day,  so,  if  wo  eould 
take  A  anfliciently  close  %'iew  of  the  faces  of  the  litiirs,  ux 
fihonld,  at  least  in  some  of  Uiem,  see  similar  spnla.  It  ix  also 
likely  tJiat,  owing  to  the  varying  ptiyBieal  eonfttitution  of  tliese 
bodies,  the  number  and  extent  of  the  »)>ota  might  be  found  to 
in  very  different  in  difFcront  stara  In  the  eases  in  which  ihc 
■pots  coveivd  the  larger  portion  of  the  stirfaoe,  tlieir  variation) 
in  number  and  extent  wonid  alone  cause  tlie  stitr  to  vary  ia 
light,  from  time  to  time.  Finally,  we  hare  only  to  su[^)oee 
the  same  kind  of  regiilnrity  which  wc  ««c  in  tlie  eloven-yeiu 
cycle  of  Uie  solar  spots,  to  have  a  variation  in  the  brightnoM 
of  a  Btnr  going  tlirongli  a  rcgnlar  oyule,  us  in  the  case  of  Algol 
and  Mira  Ceti. 

The  oucasioiinl  ontbni'Sts  of  stan  whicli  we  have  described, 
in  which  their  light  is  rapidly  increafied  a  hnudrcd-fold,  would 
Beom  not  to  be  aooounted  for  on  the  spot  theory,  withont  car 
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lifl  tlieory  t<>  nii  extreme.  It,  untilil,  in  fftC't,  if  not 
1,  iinplv  lliftt  iiiiit'tv-iiiiio  pfirts  uf  the  surface  out  of  a 
fllundred  wore  oixlinnrilv  coveit'd  witli  ipul*.  And  Uiut  on  rare 
kocvMiutu  tliveic  sjHilit  »11  diBapjwared.  But  tlie  ^|x:ntmi<(;u)>ic 
i  obeeri-atioiis  of  tlie  star  of  1S66  eliowed  bu  niialugy  of  a  Utile 
^different  cliaructcr  witli  opcmtions  goiu*^  on  in  oiii-  sun.  Mr. 
Huggitis  found  the  f)>ci:tn)rn  of  thin  etar  to  be  n  oontiunoiift 
one,  croeecd  by  hri^lil  )it)(M.thu  poeitiou  of  wliidi  indicated 
tliM  ihey  (Ji-oueedcd  ]mrtl^  or  whoUv  from  gluwinj?  livdru^u. 
The  coiitinuouH  »))eclrnin  vns  aUo  ci'ossed  by  diuk  nliiturption 
liiiee,  indicating  Uial  the  light  had  ]»iaed  thruiigii  an  atinos- 
ylnent  of  coni)iaratively  uool  gu^.  Mr.  Ilnggins's  intuvpnrta- 
tioii  of  tliift  i^  that  there  waa  n  snddcn  and  extraordiimry  ont> 
burst  of  Iiydrog«Ti  gas  from  tlio  etar  which,  by  its  own  hglir, 
8»  well  M  by  lientin^  n)>  the  whole  stn-fauc  of  tho  ttar,  caused 
the  iinineiisc  aonession  uf  brilliancy.  Kow,  we  have  Miowii 
tliat  thv  red  tlaiiice  tcL-n  aruiiiid  the  stin  during  a  total  cclipeo 
ani  cfttuod  by  urtiptiuim  uf  hydrogen  from  his  interior;  more- 
over. t)ie^  eni|itiotia  ni-e  generally  connected  witli  faunln.*,  or 
portions  of  tlie  6im*B  disk  eex'eral  times  more  brilliant  than  the 
net  of  tlic  photufi)>hcre.  Ilcncc,  it  i«  not  nnlilcely  that  the 
blazing- fot'tli  of  thi«  »tar  aro«e  from  nn  notion  ^iinihir  to  that 
which  pi-odnoes  the  »olar  flamee,  only  on  an  itnniciivcly  lurpjr 
•nle. 

We  hare  thus  in  thu  sjxitK  fttcnliv,  and  protubemnucs  of 
the  8IUI  «  few  »ng}^tioii9  us  to  uhat  is  pitibably  going  on  iti 
those  atara  which  esliihit  the  extraordinary  cliangi.-s  of  light 
which  we  have  described  Is  tlierc  any  |>uMibility  that  our 
«nn  may  be  subject  to  eiich  outhuret;  of  light  and  hcai  m 
tliow  we  have  described  in  the  cases  of  a|)[>ai'ently  new  and 
temjKirary  stars!  \Vc  may  almost  ray  that  the  continued  os- 
Utcnco  of  tlio  human  titco  is  involved  in  this  iiuestioii ;  for  if 
the  heat  of  the  snti  slionid,  even  for  a  few  daj's  only,  be  in- 
creased n  hundred-Fold,  the  higher  oi'dere  nf  animal  and  veg- 
etable life  would  be  destroyed.  We  can  only  reply  to  it  tliat 
tlie  geiMjral  aiialogiee  of  nature  load  ns  to  liultovo  tliat  we 
ueed  not  fevl  any  Bp|>rehctuiioii  of  ttuuli  a  vHiaalropbu.    N')t 
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tlie  slIgliteBt  cerUin  rariation  of  (he  solar  lieat  lias  boen  ■)» 
tectvd  Miive  llie  iiiveiition  of  tliu  tlicntiomctcr,  aix)  tlie  gon- 
oral  coii«:aiicy  of  the  liglit  emitted  by  nin«ty-»ine  sntre  out  of 
every  hundred  inny  inspire  its  with  entire  (.-orifidciive  tliAt  no 
snddun  and  duelrnc-tivv  vuriution  need  lio  foiired  in  tlie  case 
of  our  aiin. 

§  4.  Douhie  Start. 

Telescopiv  cxainiiiitlioii  »hoir«  that  many  Htnrs  which  eecm 
single  to  the  linked  eye  are  really  doiiMe,  or  coiii|H.i»ed  of  « 
imir  of  stare  lying  side  by  fide.  Tliero  aro  in  the  lieavem 
MvemI  pairs  of  stars  tho  components  of  wliicli  arc  to  lAosn 
together  that,  to  the  naked  eje,  they  seem  almost  to  twwh 
each  other.  One  of  tlie  easiest  and  most  lieaniifnl  of  these 
U  in  Tannis,  quite  near  Aldclntran.  lloro  ttiv  two  slan  6t 
Taiiri  and  ff  Tauri  are  eadi  of  the  fourth  tnairniliidc.  An- 
other such  pair  in  a  Capric-omi,  in  wliioh  tlie  two  elnrs  are  nn- 
eqiial.  Here  an  ordinary  ej'o  hae  to  look  pretty  carefully  to 
coc  the  snialicr  star.  Vet  another  pair  is  t  Lynv-.  the  ooin- 
{Kinenls  of  which  arc  so  trlose  that  only  a  good  eye  can  di» 
tingniel)  tliein.  Ttiosc  pairs,  however,  are  not  consideivd  u 
donbic  stars  in  aetronomy.  tiOcaii»e,allIioiigli  to  l)ie  naked  eye 
tliey  seem  bo  close,  yet,  when  viewed  in  a  telescope  of  Iiigii 
\R)wer,  they  ara  so  wide  apart  that  they  cannot  he  8cc>i  at  ttie 
Mtmo  time.  TIio  tek'fcupiv  double  stare  arc  formed  of  coin- 
ponenl»  only  a  few  eeconde  apart ;  indeed,  in  many  cases,  only 
a  fraction  of  a  second.  The  large  majority  of  those  u-Iiich 
are  cataloi;n«d  im  double*  I'ango  from  half  a  second  to  fifteen 
seconds  in  diftlance.  When  they  exceed  the  latter  limit,  thef 
are  no  longer  objcole  of  special  interest,  Iiecjiusc  thoy  may 
IiO  really  without  any  eoiinection,  and  appear  together  only 
bccaiine  they  lie  in  nearly  tlie  same  straight  line  from  oiir 
system. 

Tho  most  obvious  qncetion  which  suggests  itself  bera  is 
whether  in  any  ease  there  is  any  real  cotinootlon  tMtn'een  tl» 
two  stare  of  tho  pair,  or  whether  tliey  do  not  ap{)ear  close  to- 
gether, simply  because  they  chance  to  lie  on  nearly  the  same 
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itniigtit  liiw  from  the  eartli.  Tliat  Eoiiie  flam  <1i>  np|>ciir  <)mi- 
Lle  in  tliis  waj  tlievo  U  no  doubt,  aiid  eucIi  |»ftii«  are  eallcd 
"oittkiiUv  (luiibk>."     Put  tiotwiilirtniidii)!;  tliv  iniiiioiific  niiTn- 

(ber  of  visible  ftnra,  the  clixnce  of  iimri}'  pnirs  fnlliii;:  williiii 
a  fev  M(H)ii(U  of  each  oilier  ie  quite  Miiall ;  and  tlw  number 
«f  vIoM  duiiblv  Riars  i#  su  great  lu  to  i>reeh<dv  nil  postibillly 
that  tliey  «ji[)etir  logelhvr  only  by  chains.     If  niiy  fintber 
proof  was  %vaiitcd  tbat  the  stars  of  tliese  paiis  are  rcallv  pIij-B- 
ically  connected,  and  thci-ufuro  i-losc  toi^i'thci'  in  i-calitysis  well 
H  ill  apiK^anitiee,  it  i»  found  in  the  fact  that  ninnv  of  them 
oONSlitiite  B)-steins  in  which  on«  revohvB  rontid  the  other,  or, 
to  speak  more  exactly,  In  whicli  cai-h  revolves  round  the  een- 
Bin)  of  jjiTivily  of  the  jwir.     Siieli  i«ir.-i  ai-e  called  linanj  gift- 
^  km*,  to  distinj^uiiih  them  from  thneo  in  which  no  snch  rerolii- 
tton  has  been  olisi-rved.     Tliu  rovohition  of  these  binary  bvs- 
■iteins  is  generally  very  elow,  rei|niring  many  eeiiln"«8  for  it« 
KicoomidinhTiient ;   aud  tliG  slower  the  motion,  the  longer  it 
^vill  tfll'^  to  jrarMivc  and  determine  it.     Generally  it  ha6  l>een 
del4ct«d  by  oetrunoinuni  of  one  generation  eotn|>anirg  their 
olservatioiis  wiih  tliowj  of  their  predeeeiUini-» ;   fur  instnncr, 
when  the  elder  Stnivc  compm-cd  his  observations  with  those 
K  of  ilcm^hel.  and  when  Dawci  or  the  younger  Stnive  compnrod 
with  the  elder  Strnve,  a  great  jinmhor  of  pnii*  were  found  to 
bo  biiiarj'.     As  every  ol>«.Tver  is  constantly  detecting  now 
cftMM  of  motion,  the  number  of  binary  syMcma  known  to  n«- 

Plrnnomera  i»  constantly  incn.-A'iing. 
A  brief  account  of  the  maimer  in  wliii'h  tliese  objects  are 
ineasni-o*]  may  not  bo  out  of  place.  For  the  purpote  In  qnos* 
tion,  tlie  flye-|iieirc  of  the  tr-lcsi-njte  miict  be  provided  with  a 
"filar  mierometer,"  the  iini)orlant  part  of  which  consistfi  of  a 
pair  of  pamllcl  spider-linoi,  one  of  whivli  can  be  moved  side- 
ways by  a  very  line  sei-ew,  and  etm  thus  Ije  niaiie  to  piww  back 
and  forth  over  the  other.  Tlio  exact  distance  apart  of  the 
lines  ean  be  determined  from  the  po»jlion  of  the  screw.  The 
whole  micn>meter  Innm  round  on  an  axi»  parallel  to  the  tot' 
vsoopc,  the  centre  of  ^.hich  is  in  the  icntre  of  tlio  field  of 
vl«iw.    To  g«t  the  dii'ecti.m  uf  one  star  from  the  other,  the  ob- 
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BOrrcr  tnros  tho  inicromclor  roiiii<l  until  the  epidcr-lines  are 
I)ui'ii[]cl  to  tltc  liiio  joining  ttiu  two  Btnrs,  u  shown  iu  Fig.  9^. 
and  he  then  reads  the  position  circle.  Knowing  what  the 
position  cirvlo  rrads  whiiii  he  t«nM  the  vires  so  that  the  star 
ahall  run  along  thviii  hy  its  dinnial  motion,  the  difference  of 
the  two  angles  shows  tlie  angle  which  tlie  line  joining  tlte 
two  Etui's  ii)iik(.-»  with  the  colwtial  parallel.  To  obtain  t)w 
di»laiii?e  ni)ai-l  of  the  tX»n,  tlie  olMerver  ttints  the  microincler 
90°  from  tlie  position  in  Fig.  OS,  and  then  tarns  the  screw  aiid 
tDOvcx  the  teloMopo,  until  each  star  ia  bt».'utcd  by  ODO  of  t1t« 
wires,  ftfl  sliown  in  Fi^.  'i9.  The  [)o#ttiori  of  the  wires  le  theti 
iijterchangcd,  aud  the  measure  is  repeated.     The  mode  in 
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which  the  direction  of  one  star  from  another  is  reckoned  ii 
this:  Imagine  a  line,  Slf,  in  Fig.  100,  drawn  duo  north  from 
tjie  brighter  utar,  and  aiiotliur,  Sl\  drawn  tliroitgh  the  smaller 
atar.  Then  the  angle  jV.S7' which  these  two  lines  make  widi 
each  otlier,  counted  from  north  towards  east,  is  the  poailion 
&Dglo  of  the  bFhi-s  the  changes  in  which  aliow  tlie  revolution 
of  one  star  aronnd  the  other. 

In  a  few  of  tho  binary  tiystoms  t)ie  period  ik  eo  sliort  that 
«  complete  revolution,  or  more,  of  the  two  Htara  round  eadi 
other  hut  buon  oheerved.  As  a  general  rule,  the  pairs  wliicli 
have  the  most  rapid  motion  are  very  close,  and  tJierefore  of 
comparatively  I'ccent  di«ooi'ery,  and  diffionll  to  observe.  One 
or  two  are  snspected  to  have  a  period  of  lc«s  than  thirty  yean* 
but  tlioy  are  very  hard  to  tncasitro. 

Binary  Si/aleiM  of  Short  Period. — Tlie  foilowiiii:  tabh:  shows 
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(lie  periods  of  rovoliition  in  tlic  caee  of  those  stars  which  have 
becti  observed  tiirougli  n  complete  rovolutioU]  or  of  which  the 
periods  liave  been  well  determined: 
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,  IHercull* 35     " 

^Sir.<t«,8l3I 40     " 

l«Coran* „ 40     " 

[Siriaii.. , SO     " 

)((Janari &8     " 


(  L'nee  Miijurij cajton. 

It  IVircniw  Bunnlia. OT     " 

uCeniaiiri TT     " 

,i()|.hl<.chl „ W     " 

A  Ujiliiuvlii US     " 

{timndl 98     " 


Tn-O  or  tlirce  othcrfl  ire  niisixictecl  t^  mow  vcrj"  rapidly,  hnt 
thpv  arc  so  very  close  nnd  diflivult  that  it  is  only  on  favoiA- 
Itlo  occasioue  tliaC  thoy  vun  be  *ccn  tu  bu  double.  One  of 
iJiu  nio^t  renmi'knblc  Mni>  in  this  lit^t  i»  Siriu«,  the  period  of 
which  ia  calculated,  not  irom  the  observations  of  the  satel- 
lite, but  from  the  mot4on  of  Sinus  itself.     It  bus  long  been 

nown  that  the  prajier  motion  of  this  ^'tiir  i»  subject  to  ocr- 
tniti  i)eriodic  variations;  and,  on  investi^tinj^  tli^e  VRria- 
tinns,  it  was  found  by  I'ctera  and  vVnwers  that  they  conM  be 
'Completely  ropn»cn(ed  by  »n])[io#ing  that  u  salellitc  was  rc- 
Tolving  wound  the  planet  in  a  certain  orbic.  Tlte  elemeiitfi 
of  this  orbit  were  all  delennined  except  the  diBTanec  of  the 
satellite,  wbidi  did  not  admit  of  dotemiiuation.  Its  direction 
could,  however,  be  coinpiitiid  from  time  to  tiniP  almoft  as  ac- 
ciimtcty  as  if  it  wei«  nctmilly  wen  xvitli  the  tclc»co|ie.  Hut, 
befoie  the  time  of  vrhicli  we  speak,  no  one  had  ever  seen  it. 
Indeed,  altliuui;h  many  obeorvei^  must  have  examined  8iriii« 
froiri  time  to  rime  with  good  iclcsropc^  it  18  not  likely  that 
they  made  a  careful  search  in  the  predicted  direction. 

Such  waa  Uie  state  of  the  question  until  February,  ISfi*, 
wlien  McMn.  Alvan  Clark  &  Sons,  of  Cambridgoport,  were 
completing  their  cightecn-incli  gliu»  for  the  Chicago  Obsorva- 
toty.  Tuniinjr  the  ^lass  one  evening  on  Sirins,  for  the  por- 
poce  of  trying  it,  ttiu  practised  «yo  uf  the  younger  Clark  i^uun 

letected  something  nimsnal.  "  Why,  father,"  he  exclaimed, 
'•■the  iilar  Iiaa  a  companion !"  The  father  looked,  and  there 
traa  a  faint  companion  dnu  ciwt  from  the  I>ri^ht  Mnr,  and  dis- 
tant about  10".    This  was  exactly  the  pi-edicted  direction  fof 
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that  time,  tlioiigli  tlio  di6C0^*crer«  knew  notltliig  of  it.  At  litt 
news  vent  ixiiiiid  llie  world,  all  the  gnuit  te)es<x>{><;ft  were 
pointed  on  Sirius,  and  it  was  now  funiid  tliat  wlioii  uljsorvors 
knew  wlioix)  lliu  *:(>inpiiiiion  wiw,  niniiv  tulc»cu|>e»  wotiU  kIiuw 
it  It  lay  in  the  exact  direulion  wliicli  theory  lind  i>rediolcd 
for  Iliat  tirae,  nti<l  it  was  now  oltservcd  with  llio  grmtiKt  intur 
C6t,  in  order  to  tee  whether  it  whk  inovini;  in  tliv  direvttoii  of  tlie 
tlicoretical  satelhto.  Fonr  ycai^'  oliscrvatioii  ehuwed  tliat  liiit 
was  really  tlio  case,  to  that  hurdly  any  duuht  could  i-oinaiu  tliat 
this  iilinost  iiiviiiible  object  \va.<  reiilly  llit;  hoily  wliidi,  Uy  its  a^ 
tmetiun  and  revolution  aionnd  Sirius,  Iiad  cauaed  tlie  iiieqnaU 
ity  in  its  motion.  At  thu  minic  tiniv,  tlio  corrospoiideiiue  has 
not  sinvo  proved  exact,  rhu  obwrvcd  companion  having  diovch) 
tboiit  hiilf  u  de{;i-ee  )ier  ainituti  mora  rapidly  thun  lliu  llieo 
retical  one.  Tliis  diSorenue,  though  larger  than  was  esipvctiKl, 
is  {irubiihly  diK-  to  tliu  inuvitahlu  erroi's  of  the  very  delioato 
and  ditticiilt  oh^ervations  from  wliicli  the  niovciuunis  of  the 
tlicuretical  uoinjiauion  wera  cumpiiled. 

The  visibilily  of  this  very  iiiluresring  and  di(Hci;lt  ohjtict 
depends  alnio»t  as  mnolt  on  llio  allitndu  of  Sirius  and  the  statti 
of  the  atmosphere  as  on  tlie  power  of  the  tckwHipo.  Wlteu 
the  images  of  the  slais  are  very  had,  it  eannot  be  seen  even 
in  thv  great  \Va»hington  telescope,  uliilu  tkcro  aro  cases  of  ild 
heing  »ccii  under  extraordinarily  favorahlc  conditions  with  teU 
eocopua  of  »ix  itirhea  a[>ennro  or  te*i.  Thcjie  favorable  condi- 
tions nre  imlicated  to  the  naked  eye  hy  the  alisenue  of  twinkling. 

A  two  of  lliu  Miniu  kind, except  that  the  disturbing  satellite 
liAii  n<il  beon  fleen,  is  fonnd  in  Proeyon.  IleMet  long  ago  ei»- 
peuieil  ih:tt  the  position  of  this  ntar  was  changetl  by  some  at- 
tneting  htKly  iu  its  ueigliborliood,  bin  ho  did  not  reach  ade^ 
nile  concln^ioii  on  the  »nbjcet.  Anwcra,  having  made  a  uar^ 
fill  iiiveHtiLrHiii>[i  of  all  ilie  observations  »iiiee  the  time  of  Diad- 
ley,  found  that  the  star  innwd  around  an  inviuble  ventre  1" 
di!>mnt,  wliich  km  probably  the  conlro  of  gravity  of  the  star 
and  an  invisible  satellite.  This  Miiellite  has  Ik-vii  vanifnlly 
searcliud  for  with  great  toleeuoixn  during  the  last  few  yvan, 
but  without  aiioecst. 
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•of  lUree  or  more  slnnt  iiro  frcqiMiiitl)-  futiiiil.  Siidi  objcctis 
aro  known  aa  triple,  qaadni|>Ie,  etc.  Ttiey  comiiioiily  occitr 
*.lirciis;li  oiic  of  llic  sliire  uf  a  wide  pair  buitig  itself  n  ulo3« 
douMu  titar,  and  wry  oftuii  tliu  diijilic-ity  uf  tlic  (.-oniponeut 
liaa  not  been  discovered  till  long  after  it  wm  known  to  form 
oDe  8tar  of  a  pair.  Fur  inifilaiicc,  ju  Itei-ciilis  was  i-ecognixed 
M  A  duiilile  Miir  bv  H'lr  W.  Mui'cdivl,  tliu  voinpnnioii  »tar  being 
a)>ont  30"  dislimt,  and  iniicb  Mnallcr  tban  n  it»elf.     In  18^6, 

§Mr.  Aluui  Clark,  ining  one  uf  bis  gla&^ca  niion  it,  foinid  tlmr 
llic  unall  (■(irniiiiniuii  \vu»  iXteU  doubk*.  U.'iii(;  eompcwed  of  tivo 
tie«rly  wiinil  «ara,  about  1"  apai-t.  Thi*  clo*o  iwir  pi-ovc*  to 
be  a  binary  Kjt'atcm  of  ebort  |)eriod,  mora  thnn  luilf  a  i-evobi> 
■Ion  of  tiiu  two  «iai«  around  cScb  otbor  bnving  been  nmiJo 
itince  1S50.  Anollior  ea»c  of  tbc  «Jinic  kind  it  y  Androinedii?, 
wbicli  was  foiiTid  by  Ilersuliel  to  liave  a  companion  abont  10" 

I  distant,  wliilu  Sti-iivu  (oimd  tins  coinp«nioii  to  be  iuiylf  double. 
Mutiy  dunblc  and  mitlttple  stars  arc  iutei-uttin.!;  olijoi-t*»  for 
telceeopic  ex&ini nation.     Wc  give  in  tbu  Appendix  »  list  of 


ItJw  more  inteivsting  or  roniarkable  of  them. 


§  5.  Clutters  of  Start.      * 

A  very  liiilo  obfcrvatinn  wiili  tlio  tolescopo  will  show  that 
wliile  the  brigbtcr  6tnns  are  waMeivd  iieaily  i«jually  over  tlio 
vliolo  nelt^tial  vaidl,  llii*  is  nol  tlio  ease  with  the  smaller  oiieA. 
A  nmnber  of  fitaiH  wbich  it  is  nut  poesiUu  to  estimalo  sru 
found  to  bo  aggrogated  into  uliiMci'S.  in  whieli  tbc  separate 
6tars  arc  «o  sninll  and  so  minmroiis  that,  with  iiisntliciciit  tele- 
Mopio  power,  tbey  prc^nt  tlio  n]>))eftmnc«  of  a  moss  u£  cloudy 
it.  We  find  ebiBtera  of  c^-ery  dogrw-  of  aggi-ep^tioii.  At 
Wio  cxtitiniB  wc  msiy  pluoo  tbe  I'lijiades,  or  "tuiven  .slais" 
which  fin-m  so  well-known  an  objeiit  in  onr  winter  sky,  in 
which,  however,  only  six  of  the  stare  are  plainly  visible  to  ilie 
naked  eye.  Tlici-o  >«  an  old  myth  that  this  group  originally 
I'onsistcd  of  #ovcn  atars,  ono  of  whidi  dieApjmared  from  tlio 
iMAvona.,  leaving  but  six.  But  n  very  good  c\ii  uan  uren  now 
•eo  eleven  wlicn  tlic  air  U  cleftr,  and  the  telescope  sliou-s  from 
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toope,  it  »  foniid  trt  i-onfliftt  of  k  groiij'  I'f  mini's,  ranL'ini?  from 

the  sovctttli  nr  eiglith  ms)|(;niliid«  iii-waitiii.  Fur  exuiniiiation 
B'Witli  a  small  tuk«c-o|>0;.  oiio  of  tlw  iii<)»t  benntiftil  gi-oiip*  is  in 
Bthe  uomtcllntioii  PcrimiH  <Mii|i  I.,  n;:lit  a»(M>iiHioi),  2  lioiii's  10 
Biiiiniitea ;  dculi nation,  J7^  N.).  It  is  seen  to  the  lieet  adraniagQ 
Buritli  a  low  niagnifving  powor,  twtn'ecii  twviitr-tivo  itnd  Ufty 

iiineH,  iind  may  easily  Iw  recognized  by  the  naked  eyo  m  a 

JitUe  patch  uf  light, 
^ft    The  hca^Xiiw  itfford  no  objects  of  inoro  iiiterc4t  to  tlio  con- 

te.'iii'lattve  mind  than  some  of  these  chisiera.     Many  of  tlwin 

Ian:  eo  di&tant  ihat  the  most  powerful  tflo*co|M.B  t-vor  innde 
sliow  lh«iii  only  as  a  inttvli  of  ^tsMiut,  or  a  tiniN^  of  light  so 
faiiit  that  the  se|>ai-alc  slat's  t-annol  Ihj  distinguished.     Tiieir 
distance)  frum  us  i&  liiicli  that  iltey  ara  buroiid,  iiot  only  all 
our  ittcans  of  nicu»iircment,  bnt  all  our  ^ower«  of  luiliniutioii. 
Miiuite  as  tlkcy  ajijiear,  tlieie  is  nothing  that  we  know  of  to 
ppCMiat  our  6ii|)pofiitig  cacli  uf  thotn  to  ho  th«  tuiiUt)  or  a 
lup  of  planets  a»  cxtctiftivc  m  onr  own,  and  cadi  jilanel  to 
\\»  as  fnll  of  in)ia)iilant6  as  this  one.     We  may  tliiis  think  of 
Etliotn  86  little  uoiuTiiL-6  on  the*  outskirts  uf  creation  it»ulf,  and 
Iw  wo  see  all  the  suns  which  give  tlicm  light  condensed  into 
Olio  litrlo  »|<wk,  we  might  he  led  to  think  of  the  inliitbilants 
^of  the  various  eystvins  as  holding  iiilercouree  with  each  otlicr. 
^■Vel.  were  wo  transported  to  one  of  tht'so  distant  duBtors,  and 
^•tationed  on  a  planet  circling  ono  of  llie  suns  which  coni|K)se 
^it,  instead  of  tiiiding  ihv  neigliburing  suns  i;i  close  proximity, 
vwe  ahoidd  only  see  a  firmanictit  of  ataiii  aronnd  ns,  suuh  as  we 
Hsee  from  the  cailli.     Probably  it  wonld  be  a  brighter  firma- 
Hinent,  in  whidi  so  many  stai-s  would  glow  witli  more  than  tho 
B-splendor  of  Sirius,  as  to  make  tlie  night  far  brighter  than 
ours;  bnt  Uic  inhabitniits  of  the  neighboring  worlds  wontd  ns 
completely  elude  tvlcsoopjc  vision  ak  the  inbabicants  oT  Mai's 
do  here.    Conf»e(}nenlly,  to  the  inhabitants  of  every  planet  in 
tho  cliistor.  thu  <|ucstion  of  the  pinrality  of  worlds  might  ba 

*as  insoh'ablc  as  ii  is  to  iih. 
\   To  gi^'e  the  reader  an  idea  what  the  more  distant  of  these 
star  clustcni  looks  like,  vre  present  two  views  from  Sir  John 
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Herstiltcl's  obecrvutious  at  tlio  Ca|>o  of  Good  Hope.  Fig.  102 
e1it>wti  tliu  c-lii*tvr  iiiiiiiburod  iSii'i  in  1  Ivntcliul's  uuUlo^C,RDd 
kiiowii  Hs  47  Toui-aiii.  Tlint  iiatix>iiutiter  deecribfls  it  as  "a 
must  glorioiie  {^lobular  cUi»tor,tlio  ^tare  of  tliu  fourleentli  tiuig- 
nitiidu  iiiiin'iiiiittly  tiuiiioixxis.  It  is  coii)]>rc4««d  to  h  blaze  at 
ligbt  ut  tbe  centre,  the  dJiimetci'  of  the  more  voiiiprcsfiod  ]iiul 
being  30"  in  right  sBcuiieioii."  Fig.  lOS  is  Ko.  35W  of  llor- 
m\w\\  "Tlitt  iioblo  filubiibir  chistcr  w  Ceiitanri.  l«voiid  all 
coin]mi-igoii  iJjc  mlibst  and  lar>n^t  object  of  tliv  kind  in  ibo 
heavcits.     The  etaiv  aro  litomlly  iiiiiiiiueniblo,  niid  n«  tlioir 


Flo.  int.— Clii'i'T  1'  'iViiiciiui,  i<ii:hi  »«■>■ 

>1no.  D  bnun  IS  mlaulc*:  dsclloailou, 


ri'i.  103.  >nDiisiao*i*firi.  Rlshu 

kloD.  II  budn  M  nilualw:  tedJMMa^ 


tolnl  light  wlioti  roL'civcd  bv  tliu  tinkcd  oyo  alToctfi  it  hanllr 
moix>  tliAii  a  »liir  <if  the  Hftli  or  foiirlli  to  tiftli  iiwgnititdu>UK 
iiiinutuucts  of  eiicli  star  mny  be  iinngiiied." 

§  G.  Ndmlr. 

Nebnlfft  ii|)iM>«r  tn  ns  as  masses  iif  Aoft  diflfiised  light,  of 
greater  oi-  less  vxtent.  Generally  tliese  inasees  are  very  ir- 
regular in  oiillinc,  but  a  fuu-  of  them  arc  round  and  well* 
defined.  These  nre  renned  planrtanj  mIuI-f,  It  may  Hfn»- 
times  be  im]K)Bsibto  to  distingnifh  bGtvrceii  (^ur  c)ufttL-r»  aiid 
nvbnliL',  bccaiiac  when  the  jiower  nf  llio  tulowojic  i*  »•»  I"W 
thiit  tlip  pcpniitle  stars  nf  a  c-lnstcr  cannot  be  iliMinguirbiHl, 
tltey  will  present  the  a|>|>earnii('0  nf  a  nebula.  To  the  nnVtA 
eye  the  clui-lcr  Pn£»e))e,  d<;«uribtid  in  tho  Uist  chapter,  looka 
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natdlr  like  a  nebula,  tliongli  a  ^'c^v  ^inall  teleaoope  will  iv- 
Bolve  it  into  »rai«.  The  eiirly  ub^crvei-it  with  telMcO]>ejt  tie- 
scribed  iiiaiiv  objet-ta  as  nebulie  wliidi  tlio  more  poworfiil  iti- 
MniiiK-nts  of  Hcr»diel  rhuu-i'd  tu  be  uluitcra  of  Mara.  Tims 
nra-ie  [lie  two  dufies  of  rc^ulviiblv  luid  in-esolvable  nebiiUe, 
tlie  liret  ootu|>n$in};  siiult  an  c-uuld  be  reeolved  into  etare,  and 
tim  second  einli  as  could  not.  It  is  cvidt-nt,  fivru  what  wo 
hnvo  ju»t  uiid,  tliat  Ibis  dtptiiiutioii  would  d«)iei)d  \m\i\y  on 
tlie  telesciipe,  nitice  a  nebula  wliidi  waa  irresolvable  in  one 
tflcsoopu  iiii^bt  bo  resolvable  in  unollic-r  tekscopo  of  gi-catcr 
ixtwcr.  Till!-  »ti^gc#t«  llic  (jiierrion  wlii'lhcr  nil  iielmlti^  may 
Dot  really  be  vbifltei^  of  »lar^,  tho&e  wliivli  aro  tri'e&olvable  a^ 
poaring  so  mort-ly  liecaneu  llifir  ditlanc-u  is  *o  greiit  timt  tlio 

fieparate  Uhth.  wbiuli  uuinpuM^  ttieru  cannot  Ue  dii^tingDiglied 
with  our  most  ]>owei-fnl  toleerapus.  If  tliia  were  eo,  tlivru 
would  bo  Ito  enuli   lliiiir;  as  a  real  tiobiilu.  and  uvcrx'ltiing 

■  wbiuli  appears  m  Hiich  i^liuuld  l>o  ulntwitied  ii6  a  e.lar  <:lit>i|L>r. 
Tho  8peuti-o3vo])e,  as  we  shall  presently  hUov,  has  settled  this 
qnoetiou,  by  shotvipi-;  tlint  ni.iity  of  tiivm  objects  ait:  iinniunsv 
^tnafM»  of  glowing  gas  niul  itit-i-uforc  cannot  be  «Iai«. 
^P  Claigificntion  attii  Forms  of  Xfi/nbr. — TIio  one  object  of  Ihi^ 
class  wbii^li.  more  than  all  othei-s,  haft  ocenpied  llic  attention 
of  astronomers  and  exulted  the  wonder  of  obsufvcrp,  h  the 
great  ncbtila  of  Orion.  It  Biirronnd*  the  middle  of  the  three 
siare  wWdi  fonn  llie  sword  of  Orioji.     Its  imsitlon  may  bw 

■  found  ou  Map  11.  Kud  III.,  in  right  asucnsiun  &  hours  3ti 
ininiiteB,  declination  6'*  S.  A  good  eyo  will  ]>ereeivu  that 
this  star,  ini%tead  nf  looking  like  a  bright  ]>oJiil.  aa  llio  other 
Mara  do,  has  an  ilbdctiued,  liazy  appearance,  due  to  the  snr- 
TODuding  nebidn*.  This  object  \vm  fli«t  dwcrihcd  by  Hiiy- 
ghena  in  l*\b'J,ns,  follows: 

»"  There  is  one  plienomemm  among  tho  Hxcd  Mare  worthy 
nf  mention  whieli.RO  far  m  I  know,  Iim»  hitherto  been  notiuud 
by  no  one,  and  indeed  i-annot  l>c  well  oheerved  except  witli 
large  lulcsL-opes.     In  the  swoi-d  of  Orion  aix)  thrco  stars  quite 
■  close  togelbpr.     Iti  in:;o,  km  I  chaneed  to  be  viewing  the  mid- 
H  die  one  of  these  with  the  [ele«uo]ie,  instead  of  a  single  star, 
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twdvo  eliowed  tlicmMK'«#  (a  not  uiioommoii  cirouimtiinceX 
Three  of  these  Ahiio»t  touched  each  other,  and,  with  four  nili- 
erB,  shone  tlirougb  a  nobula,  su  tJiat  tlie  epttvo  sroniid  tlicin 
ecciiii^d  far  brighler  tliaii  the  it*l  of  the  hea\'ciw',  which  wtt 
cniii'el^'  clear,  and  a{>i)eai'ed  quite  black,  the  effect  liehig  that 
of  an  ojiening  in  the  sky,  tlux>iigh  which  a  liriglitor  rogioii 
wa.*  vi*iblo,"* 


Fm.  10* The  grtnt  liulinln  i>t  Orfiin.  u  il«irii  hj  Tluutulot  *llb  llic  liii 

Since  Tlinl  time  it  has  been  Miidicd  widi  Inn^c  tolosoopes 
by  a  great  tminbor  of  oltsen-eiii,  indoding  Me«»ier,  the  liro 


'  Sgittmn  fr'nrarnioin,  |i.  S.  'I'ho  liut  tetnnrk  ufUuvehcTiii  M«mi  to  hnie  po-  . 
iIqcoiI  ilic  impreiaion  tliKi  ho  ur  >nin«  ofihr;  curly  obterrats  cunsiJered  the  imImiIM] 
ta  bo  real  o|><m'n^  in  iho  flininmi!)!!.  iliruugh  nhiirh  ihct  roi  slimpieii  of  tha  i 
glotr  of  iho  ouipvrenn.  But  il  mni  be  doubled  mhcthcr  the  old  liUo*  ot  tho  final*  j 
meni  aoi  ihc  cmpj'reun  iron  cnioriiiincd  hr  nni  niitDnomcr  nfter  ihe  inTcntiM 
orihn  iclaco|3c,  and  theie  unoiliing  in  ibi;  remiirk  of  IIiiTghoni  roindiou  llMI  J 
ho  ibuught  the  opening  rtall;  cxislnl.     Ilia  wonli  nr«  rnllicr  olanarc 
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em.-li«1jL,  Itosse,  Striive,  nn<l  the  lioii*]^  The  rcprctHSiitatiuii 
which  wo  ^w  ill  Fig.  104  h  fnnn  it  ilrawiiig  tiuulu  b_v  Mi; 
TivtiTclut  with  tho  great  WHeliiugloi]  idcecopo.  In  hrilliaiicjr 
U)d  \'ai'icty  vt  detail  it  exceetU  any  otiivr  iiobiila  viable  in 
the  northern  hem  is  inhere.  The  central  jioint  of  interest  i«  uo- 
cii|>ti-(l  by  four  i-otnpnmtivcly  briglit  Blare,  easil)'  distiiigtii^ied 
hy  a  Binikit  tcIi^:o{>G  with  n  iim^iiifviii^  |tuwor  uf  40  or  50, 
combined  with  two  small  utii-e,  i-o<jntriitg  a  iiiitc-iiivti  tcletfO))C 
to  be  welt  Mvn.  Ttic  wliulc  uf  i\ua«  funii  a  sexttiplo  gronji, 
indnded  in  a  spaoc  a  few  wRonds  squiiro,  which  alunc  would 
be  an  jut«re6ting  and  reinarlcnblG  object.  Decides  thc»i>,  tho 
nebtiln  is  dotted  with  wi  many  tlan  that  tJiey  would  ninioiic 
constitute  a  cluster  by  tlicniMilves. 

In  tho  winter  of  ISOi-'tJo,  the  spectrum  of  this  object  wiw 
cxaiiiiitcd  independently  by  Seechi  uid  Iln^ina,  u*ho  fotiiid 
that  it  comiatcd  of  three  biiglit  li(i««,  and  hviicc  concluded 
tliat  tlie  nebula  was  compo6e<l,  not  of  «tare,  but  of  glowing 
giw.  The  position  of  one  of  tlw  lines  was  near  that  of  a  line 
tif  nitrogen,  while  another  »ccincd  to  coincidu  with  a  hydrogun 
line.  Tliere  is,  tlieivfore,  a  certain  probability  that  tliifl  object 
is  a  mixtnre  of  hydrogen  and  nitrogen  gas,  though  tl)i»  ia  n 
point  on  which  it  is  iinpoe»iblo  to  ^wak  with  ccrtuiiily. 
^  Anotlier  bnlHani  nebula  visible  to  llie  naked  eye  ii  the 
B  great  ono  of  Androniedn  (Maps  II.  and  V.,  right  asoon&ion, 
0  hom«  85  iiiiniitea;  dcclinatiuii,  40'  N.),  Tlic  obMnt-r  caii 
MO  at  A  glance  with  tho  naked  eye  that  this  i»  not  n  »Ihv,  but 
•  mass  of  difliifcd  Itglit.  Indeed,  tintraiued  obKn'er&  have 
sometimes  very  natnrnlly  mieiaken  it  for  ft  comet.*  It  was 
lint  described  by  Mariu«,  in  1014,  who  coinpai«d  ita  light  to 
that  of  a,  candle  Hhinitig  through  horn.  This  gi^-es  a  vciy 
good  idea  of  the  singular  impression  it  producis,  which  h  tliat 

^of  an  object  not  eoIf-luniinune,but  tnm»lticcnt.ai)d  illiiniiimied 
by  H  very  brilliant  light  behind  it.  With  a  Biiiall  telescope,  it 
*  A  ■hi|^mtl(Rill  who  hnil  i-rvtto'l  ihe  Ailnnilc  oneo  rfriicd  ilia  Cmnlindga  Ob- 
l«mioi7,  to  Mil  PrnfeMut  Ilnml  ihm  hr  Imd  tcuii  n  imoll  camcL  nliich  icnumud 
la  fight  dnrinB  lii*  •mira  ruTiige.     Tlic  object  prvrcJ  lu  l>«  llu:  ncbulu  uf  An- 
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the  iden  thnt  the  oltjeet  is  really  *n  immeikiie  fttnr- ctiutcr,  so 
distant  tltftt  tlifl  muel  |M)V.'i-i-fiit  telescopes  (.-Aiiiiot  reeolvo  it 
Tlioilgh  vru  oniiriuE  [KMilivi;!^  dutiy  tlio  ]Kj«»iliilitv  uf  llii«.  vot 
ill  (lie  ingsi  jKrwerfiil  lelesoopes  ihc  liglit  fmiiw  ftwiiv  hi  noftly 
and  griuluall;  Iliat  no  sucU  tiling  as  »  rcenlntion  into  tttais 
iH.'«mK  poesible.  ludwd,  it  luults  Il-«s  i'l-kuK ultk-  hiliI  nioiu  like 
n  gns  in  ilic  loi^^t  lcktM«>|>c8  tlmn  in  thoM.'  i-t'  moOomti;  »i»j. 
If  it  is  really  a  gue,  and  if  the  &]><M:rrum  is  (.-<'i;*iniu>ni<  ilinin!*!!- 
out  Oio  whole  oxtont  of  tlio  nebulu,  it  would  inOic-alu  either 
that  it  sltonc  liy  ix:fli;etcd  ll^hl.or  thai  the  giu  wiu  tiiihjfctci] 

I  to  a  great  [treesin-e  aliiio^t  tn  tU  outer  limit,  uhich  hardly  »ocni» 
pocsihle.  But,  granting  (liat  thu  light  is  wflwttcd.  ww  cnntiot 
My  wltctlwr  it  origiimtt!*  in  a  singUs  bright  ttar  or  in  a  lunii- 
ber  of  snuiU  ones  sc^altered  nimiit  through  the  nehidii. 
Another  extraoi-dinary  object  of  this  b]as»  i»  the  aiiniilnr,  or 
rin,!;-ticbnlft  of  l.yru,  xitiiuti^d  in  that  L-onMvUaliuii.  nhuiit  half- 
yeny  liotween  the  e^lara  ^i  and  f.  In  tlie  older  lelt:sco[ie«  it 
looked  likeapcrfec-t  ring;  but  the  larger  ones  of  modern  liinea 
ellow  that  ihti  o[H.-iiini;  uf  the  ring  is  itniUy  ti))t.-d  with  nehii- 

■Jons  light ;  in  fact,  thul  \vv  have  here  nii  objix:!  of  very  it^ular 
ontttiw,  in  which  the  oitler  [milion  b  hrigliter  tliaii  tho  inte- 
rior. Its  form  tit  iicitliVr  circular  nor  exactly  elli|)tio,  but  ci^- 
elinpcd,  one  end  being  more  pointed  than  the  otticr.  A  mod- 
fislcii4zcd  teloEcopo  will  eIiow  it,  but  a  large  one  is  rotjnii-ud 
Hto  »co  it  to  good  advantage. 

It  wonid  appear,  from  a  wmpanson  of  drawings  ninde  at 
different  dates,  that  some  Tiohulfe  are  Euhject  tu  great  chaiigea 
of  form.  K»pcctally  doe«  thie  hold  true  of  the  nebula  snr^ 
ixiunding  the  remarkable  variable  star  »i  Argus.  In  many 
other  nebula'  changes  have  been  Bii&pectcd ;  but  the  sofineas 
and  indistinetnen  of  outline  which  characterise  inoet  of  thi-«0 
objects,  and  the  givnt  diflei-cnec  of  their  nitpccrl  when  seen  in 
teleecopes  of  very  different  [wwere.  make  it  difticiilt  to  prove  a 
change  from  mere  drffcrcncce  of  drawing.  One  of  llio  strong- 
e6t  caBcs  in  favor  of  change  ha«  been  made  out  by  Professor 
UoldoT)  from  a  study  of  di-awiiigA  and  dcscnptions  of  what  i» 
called  tlie  "Umega  nebula,"  from  u  rescinblnnue  of  one  of 


itB  brnndies  to  the  Orcck  letter  tl.  W«  present  a  fignra  fli 
this  object  as  it  now  »p))earB,  from  a  drawing  hy  ProfcHor 
Uuldcn  nu(]  Ur.  Tixtiivi-lul,  witli  tlio  grcnt  Wasliington  le1«- 
Bco|)e.  It  ii  tlie  Iti-aiich  oil  the  Icft-IiAiid  t>i)d  uf  llic  oeliuU 
which  n-as  fonnurly  eii))]H)ecO  to  liave  the  fonn  of  O. 

At  Illitstnitlve  of  tlm  fmituetic  forms  whiuh  iicbnlte  some- 
tintcs  aBHiinte,  we  pret^iit  llerschel's  views  of  two  mona  neb* 
ulw.  That  ehou-u  in  Fig.  10$  lie  calls  l!ie  "  looped  nebala,'* 
aud  describes  as  one  of  the  most  cxlraunlinary  objects  in  tiia 
heavens.  It  cannot  lie  aecn  to  advantage  cxce|>t  in  tlte  soiitli- 
em  tieiniBphcre. 

Distrihution  vf  titt  Ktbuiat,  —  A  rcmaikable  f«n(nre  of  the 
diHtribntion  nf  the  iicbulie  in  that  thev  are  most  nnmcraoi 
where  llie  stare  aro  least  bo.  Wliilo  the  stars  grow  thicker  ve 
We  approach  the  region  of  the  Milky  Way,  tlic  iiebnlte  dimiu- 
iah  iu  number.     Sir  Joliu  Ueivdicl  i-einarks  that  one-thud  of 
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fcncbIlIoltll  coiileiiU  of  llio  Iicaveiia  are  oongregntcd  in  n 
vif  irregular  ]mtch  occupying  about  one-eighth  the  snr- 
bceof  the  cvlestiul  eplicrwcxtomlin;:;  from  Vrm  Major  in  (Iiu 
DOrtti  to  Virgo  in  the  south.  If,  however,  vm  ooii8ii.lci-,  not  Uie 
Imo  nebultc,  but  star  uluelers,  vre  find  ihu  same  tendency  to 
cunden^tion  in  tJie  Milky  Wnr  that  wu  do  in  tbu  slars.     We 

Ptiiiifi  Euirc  »  ck'ftrly  innrkcd  diit- 
titiotion  botuecri  tiohnltB  and 
Binrs  OS  regards  the  law  of  lliuir 
ditttribution.  Tlu:  law  in  ques- 
tion can  be  most  easily  under- 
stood by  the  nun-mathcniiiticnl 
» reader  by  6ii|>)>o«inf;  the  stnny 
iphore  in  snuli  a  jxifiition  that 
the  Milky  Way  coincides  with 
the  horizon.  Then  the  ^tnin  and 
Mar  oliifttcrs  will  be  fewest  at  the 
zenitli,  and  will  incra>£0  in  iiniiilipr  as  wo  approach  the  horizon. 
Also,  in  tliu  invisible  heinisphci'e  tho  same  law  will  hold,  tlie 
Mara  and  cliieters  being  fewest  nndvr  our  feut,  and  will  iiicrea»3 
u  we  approadi  thv  horizon.  Hut  the  true  nebnlaa  %rill  tlieti 
X  31 
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be  fon'cet  in  tbe  liorijoon,  anil  n-Jll  incrviue  in  nninbor  as  wo  ap- 

CpRMcb  ttw  zenitli,  or  fta,  going  below  Uio  horizon,  wo  n]iproaoJi 

I  tlie  nadir.    The  positions  of  tlio  nubulit  and  vlueters  in  SirJohn 

;  Ucrechfl's  great  c-utnlugiKi  linvu  l>c«ii  rttidicd  by  Mr.  Clove- 

Llond  Ahbc  with  especial  reference  to  their  distance  from  ihe 

l^lactic  circle,  and  the  following  numhers  sliovr  part  of  bis  re- 

[suits.     Imagine  n  belt  thirty  degrees  wido  extending  aronnd 

illic  heft vcntt,  iiiel tiding  the  Milky  Wiiy,  mid  reaching  tiftccn 

Ide^reen  on  eucli  side  of  the  central  circle  of  tbe  Milky  Way. 

[Tliis  belt  will  ineliido  nearly  one-fonrtb  tlio  ^arftxe  of  the  ce- 

I  le^tinl  tplienv  nnd  if  the  ^tara  or  nebido!  were  ctjnally  diMrib- 

ited,  nearly  one-fonrlh  of  them  wonld  be  found  in  tbe  belt 

luatead,  however,  of  one- Foil rtli,  we  find  ninc-tontlis  of  tbo  star 

In^but  only  one-tenth  of  the  iiebniw. 

Tbe  discovery  that  the  ncbuliB  are  prolnbly  mateea  of  glow* 

iiig  gas  is  uf  capital  iniportanco  as  tending  to  eubstantiate  tite 

view  of  Sir  William  llcischol,  that  tliOMi  ina&ws  am  the  enide 

material  out  of  which  fiui»  and  syiitcnis  are  forming.    This 

view  was  necea^aiily  an  almost  purely  a]«4:ulative  one  on  tbe 

piirt  of  that  diBtingnisbed  a^trunoinor;  bnt  nnlv^s  wc  &npi>oee 

that  the  nebnk'  are  objects  of  almost  niiraeuloiis  jwwcr,  there 

mtist  bo  some  truth  in  it.     A  nehnlous  body,  in  order  to  shine 

by  iU  own  light,  as  it  duL«,  must  bo  hot,  and  iniiKt  lio  losing 

heat  thi-ongb  Ihe  very  radiation  by  which  we  see  it.     Ai  it 

cools,  it  must  oontract,  and  this  contmction  cannot  cease  nn- 

lil  it  becomes  uitbiT  a  solid  body  or  a  eyRtent  of  iinvb  InHlies 

revolving  ronnd  each  other.    Wc  flutU  explain  this  more  fuUj 

in  treating  of  cosmical  physics  and  the  nebniar  ]i)-|)OtbeAb. 

g  7.  Proper  Motions  of  the  SUin. 

To  the  nnaseisted  eye,  the  stars  seem  to  preserve  tlic  same 
relative  positions  in  the  coleiitJal  spliora  generation  after  gen- 
eration. If  Job,  Ilippnrcbns,  or  rtoleiny  should  again  lool: 
upon  the  heavens,  he  wonld,  to  a\\  appearance,  see  Aldebaran, 
Orion,  and  ihu  Pleiades  exactly  as  lie  saw  tbom  thonsands  of 
ycarfi  ago,  without  a  single  »lBr  being  moved  from  its  plave. 
But  the  t'cfined  methods  of  iiiodum  astronomy,  in  vhioh  tlie 
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telcMsopo  is  brought  in  to  moasitre  spaces  absolutely  invisible 
to  tlio  6^0,  liHvc  ^liowii  tbKt  tlito  MM^iiniii^  imdiangeabilitv  U 
not  real,  and  that  the  E>tars  ai-e  iictuiillv  in  tnution,  udIv  llie 
nito  of  change  is  so  slow  that  the  eye  would  not,  in  most  cawys, 
iiotit-e  it  fur  ihoiimiids  of  vc-riv.  In  ton  tlionsand  yean  quite 
a  nnmber  of  atnr^,  espetMUlly  tiie  brighter  ono«,  would  bo  seen 
lo  have  moved,  while  it  would  take  a  liundivd  thousand  years 
to  introduce  a  very  tioticcablo  vhiiiigu  iti  the  aspect  of  the  con- 
stellatioiiB. 

As  «  general  rule,  the  brighter  siara  have  the  great^&t 
proper  motion?'.  Itnl  this  it>  a  rulo  to  which  thei'c  are  many 
exMption^.  The  titar  wijicb.im  f^r  lu  kiiuuii,  )i&s  the  greatest 
"proiier  motion  of  all — namely,  Gii>oni  bridge  1S30 — is  of  llie 
•eventi)  iiia^^iiitiidu  only.  Next  in  the  order  of  proper  motion 
oomu  nr.(ioiildVKt»r,  Lncttillc  0353,  of  the  ecvonth  magnitude, 
land  the  |mir  of  stars  61  Cygni,  of  the  eixth  magnitndc.  Next 
are  fonr  or  five  others,  of  tho  foiirtli  and  fifth  magiiitndee. 
The  annual  inotionH  of  these  start  are  as  follows: 

Groombriafte  1830 "",0  I    «  Indl i".6 

LocaillclKlJ^!!  (Could)....   6".l         Lal«nd«  31Sr>6 4".4 

61  Cyh-ni 6".3         o*  Eridani. 4"'.l 

UlondiL'llSfi i".1  I    |l  Caulopslm. a".S 

Tlie  lii-Bt  of  tliCHi  stars,  though  it  has  the  greatest  proper 
UoD  of  all,  wouhl  require  155,000  years  to  perfurm  the 
tiircnit  of  the  heavens,  while  /t  Caaiopoia;  would  rciiuii-o  ncar- 
:1y  340,000  years  to  ])crforin  ttie  same  circuit.     Slow  n»  tlicse 

lotions  arc,  they  are  very  large  compared  with  thosu  of  tiiost 
of  tliG  stars  of  corresponding  magnitude.  As  a  general  rule, 
the  stars  of  the  fourth.  Hfth.  nud  flixth  magniludea  move  only 
•  few  fi«condi*  in  a  huudred  years,  and  would  tliercforo  ifv 
;qnire  many  millions  o£  yoiirs  to  |H:rfurni  the  circuit  of  the 
vens. 

So  far  as  they  have  yet  been  oiieerved,  and,  indeed,  so  far 
•6  they  can  Ito  obeor^'cd  for  many  centuries  to  come,  these 
motions  fake  place  in  perfectly  utmiteht  lines.  If  each  star  ia 
moving  in  some  orbit,  the  orbit  ie  so  immcuM)  that  no  cnrva* 
ture  can  be  perceived  in  tliu  sliort  ai-c  which  has  been  de- 
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■cribed  rioee  Mcanle  duteriDitiMiom  of  the  poeiliotu  of  the 
•tais  begftn  to  be  trade.  So  imr  tt  toere  ubevrvaiion  can  in- 
fonn  at,  tltero  k  no  rCMoa  lo  mppute  Utal  ibc  ttam  we  aenr^ 
ally  moving;  iti  definite  orliits  of  snv  kinil.  It  is  true 
MAdicr  AtiL'iiiiited  to  show,  from  aa  cjiamioatioo  of  llie  )ii 
motioiia  of  the  Gtan,  tint  tlic  wltolo  uellkr  tiiiiitreo  was  reiulr- 
iiig  aromid  llie  itar  Alernne.  of  ilie  Pleiades,  as  a  centn&~a 
tbeot7  tho  grandenr  of  wliidi  k-d  to  its  wide  diflfusioa  in  pop** 
lar  writings.  But  not  tlio  sliglit»-t  weight  has  ever  bccD  pvta 
it  by  atlronomom,  wIm  Imve  nltniYs  seen  it  to  be  an  eniitrlv 
bttdess  speciitalion.  If  tlie  stare  woro  looritig  in  any  regnlar 
circular  orbits  vliatcvor  lt»viii(>  a  oomnion  centre,  we  oonld 
tiaos  wine  n-^iilsnly  ainoni;  their  |>ro[<er  luotiooa.  But  no 
nch  regularity  can  be  wen.  The  &tan  in  all  parts  of  tho 
faeaTene  move  in  all  diractiuiif,  with  all  sorts  of  TolDeitte&  It 
is  tmo  that,  by  avcngitif^  the  jirupcr  tn<^tiun#,  m  it  were, 
can  trace  a  oortain  taw  in  them;  hut  thu  law  indicates, not 
particular  kind  of  orhil,  bat  only  an  ap)>arenl  proper  motion, 
oommoa  (o  all  the  Ml»r«,  whk-h  is  prot^bly  dnc  lo  a  real  mo- 
tion of  onr  Min  and  tokr  ftt'btutn. 

The  Solar  Motkm. — As  onr  )>iin  in  merely  one  of  tlio  stars, 
and  rather  a  einall  star  too.  it  may  have  a  pi-oi«r  motion  as 
well  as  the  other  star*.  MorxKtvcr,  when  we  speak  of  the 
proper  motion  of  a  6(ar,  wc  mean,  not  ibt  nlMoltite  motion,  bnt 
only  its  motion  relative  to  onr  system.  As  the  sim  ino\'es,lie 
carries  the  earth  and  all  the  planets  along  with  him;  and  if 
a-e  observe  a  star  at  perfect  rest  while  wu  oiireoh'c«  are  thus 
moving,  tlie  star  will  Hp)>car  to  move  in  tlio  o]ipo«ilo  din- 
tioti,  ns  we  have  nlivady  bliuwn  in  explaining  the  CopemieUll 
system.  Hence,  from  an  obeen'ation  of  tlie  motion  of  a  st 
gle  star,  it  it  impossible  to  decide  how  mnch  of  thiR  A|T[iarc-nt 
motion  is  dtie  to  ttio  motion  of  our  fiy«loni,  and  how  dhicIi 
the  real  motion  of  tlie  star.  If,  however,  we  should  observe 
great  number  of  »tara  on  all  sides  of  ns,  and  find  thorn  all  ap- 
parently moving  in  tlic  same  direction,  it  would  be  natural  to 
coiiclnde  that  it  was  realty  our  extern  which  was  moving,  and 
not  tlie  iita*.    Kow,  when  Ilorschol  si-cragcd  the  proper  nio> 
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t]0M  of  tlio  Man  ill  difTcretit  regions  of  the  licnvcne,  lio  fuiitKl 
that  Uiis  was  actuallv  itie  (-aoe.  In  gcnernl,  tliu  Mtuw  moved 
from  the  dirvutioii  of  tlio  coii6tcUatiun  Ucrc-iiU»,uiid  ton'anla 
<  llic  op]>usil«  [mint  of  tliv  cvlvstinl  vplicrrv,  noar  lliu  <:uiielc]la- 
lioi>  ArgiiK.  This  would  show  tliiit,  i-elatJxely  to  the  general 
mass  of  (ho  stars,  our  liuu  was  moving  in  Ilio  direutioii  of  the 
coii#tvlhition  Iluretili;^  Ilcrschul's  dntu  for  this  uotichiaion 
wci-e,  iiefiiMarilv,  ralhei*  slender.  The  auhjeel  \v»a  nft«i-n-«rds 
vei-y  carefully  investigated  Ity  Argolaiider,  and  llieti  hv  &  num* 
ber  of  other  astronoiDoi's,  wlioee  reasnlts  for  the  point  of  the 
tiekvciis  towards  whiuh  tlie  bu»  ia  moving  nre  as  foUouB: 


tMUuSn. 


A  rgetander. ..,...., 

O.  Kinire ^ 

Lnndalil 

Oallownr. ^ 

UUIer 

Airy  Mid  Dnnlcln. 


SftT*  M" 

SS3'  7f 

viio-  r 

^t;i  ■  :»«■ 


M'  M'  N, 
37*  afl'  s. 

H*  16-  N. 
SI-  M'  N. 
»U"  6**  N. 


It  will  he  seen  that  while  there  i*  n  pretty  wide  nmgc  mnmig 
tlic  aiilhoritiut  ns  lo  iho  exact  point,  and,  therefore,  annie  un- 
certainty Bi  to  where  we  should  lueate  it.  yet.  if  we  lay  the 

I  different  points  down  on  a  »tar-inap,  we  shall  find  that  tliejr 
all  fall  in  the  eoufitellnlimi  llercnleit,  which  uiui  originnlly  as- 
signed hy  IlerBchel  as  that  towards  which  wo  wcto  moving. 

i  As  to  the  amonnt  of  tlie  motion,  Stnive  found  that  if  the 
tun  were  viewed  fi\>m  the  distnnco  of  an  average  star  of  ttio 
tint  iiiitgnitnde  pineed  in  a  direction  from  iiti  at  right  angles 

;  to  that  of  the  solar  motion,  it  wonld  appear  to  more  at  the 
rata  of  33".9  per  vcnturv.  Dnnkin  found  the  same  motion  to 
l>e  33".6  or  -ir'.O,  according  to  the  iiw  he  mode  of  6(are  hav- 
ing large  proper  motions. 

Motion  nf  Groups  of  Stars. — There  are  in  rfio  heavens  *ev. 
eral  oasea  of  widely  e.^teiided  gi'ou|iR  of  stan,  having  a  com- 
mon proper  motion  entirety  different  from  that  of  tlic  stars 
around  and  among  them.  Siieh  groups  must  form  connected 
systems,  in  the  inoti<'n  of  whidi  nil  tlie  »lnnt  are  carried  along 
together  without  any  great  change  io  their  poeitions  relative 
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to  each  otiier.  The  must  remarkable  oue  of  this  kind  oc- 
■iin  in  the  coDstellatioii  THnras.  A  large  inajorilT  of  tlte 
briglircr  stan  in  tlio  region  between  Aldcbaraii  and  tbo  Plei- 
ades have  a  common  proper  nintiwn  of  about  ten  wcoods  per 
ueiitnry  towards  lite  ea«t.  llovr  many  &tare  are  included  in 
tills  group  no  one  knows,  ns  the  inotiouB  of  the  brighter 
oiiljf  liavc  been  aecitratclj-  invc»tigat«d.  Mr.  R  A.  Proctor' 
has  sliown  that  fi\-e  out  tif  the  »e\«n  6tar»  whicli  funn  tlie 
Dipper,  or  Great  Bear,  are  similarly  coiiiiei^ed.  lie  pr 
fur  this  oomnninity  of  piv^xir  motions  in  certain  regions 
nauMJ  of  Stiir-tirijt,  lfu»ide»  tliu«o  wc  have  nienliuned, 
are  cases  of  close  groii|>a  of  stars,  like  itie  I^eiade*.  aiid  of 
pairs  uf  widely  eoparatcd  star»,  in  whicli  star-drift  has  been 
noticed. 

Motion  in  the  Lint  of  Siglil. — Until  quite  recently,  the  only 
Tay  in  whicli  the  proper  motion  of  a  star  could  be  detectedy 
was  by  observing  itii  i-hangv  of  direction,  or  the  change  of  thel 
point  in  which  it  u  seen  on  ilio  ct'lestial  sphere.     It  is,  how- 
e\-er,  impossible  in  tliiit  way  to  decide  whetltcr  tlic  star  is  or  is| 
not  changing  its  diislnnce  from  our  s_ii>tcin.     If  it  be  inuvingl 
directly  towards  ns,  or  directly  away  from  ns,  wo  could  itot 
see  any  motion  at  all.     Tlic  coinplctc  motion  of  the  stars  can- 
not, tlicrcfoi-e,  be  determined  by  mere  telescopic  obeenaliuiiii. 
But  there  is  an  ingenious  method,  founded  on  the  nndnlatory 
theory  of  light,  by  which  this  motion  may  bo  detected  willi, 
more  or  k«t  prolmbility  by  means  of  the  spectroscoiie,  and 
whicli  WO!)  liret  sacca'sfully  applied  by  Mr.  lliiggiiia,  of  £t^- 
latul.     According  to  tlie  usual  theory  of  light,  the  Inminoeilr 
of  a  heated  body  i»  a  result  of  llic  vibrations  VMmiimiiivHl«.-d 
by  it  to  tlie  ethereal  medium  which  fills  all  space ;  and  if  tin 
body  be  gascoiiB.  it  is  I'Tipposcd  that  a  molecule  of  tlw  gas  vi- 
bratcs  at  u  ucrl&in  dctinilc  riitc,  and  thus  cominniiivatcs  only 
certain  definite  vihiation«  to  the  utlier.     Ilio  rate  of  vibration 
is  determined  by  the  ]Kisition  nf  the  bright  line  in  the  spec- 
trnm  of  llio  gas.      Now,  if  the  vibrating  bcdy  be  moving 
tliroiigh  the  ctlicr,  tiio  light-waves  whicli  it  throws  behind  it 
wilt  bo  longer,  uiid  those  which  It  throw's  in  front  of  it  will  b« 
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iliortcr,  ttmii  if  tlie  txKly  wci'c  nt  i-o#t.  Tlic  result  tvill  1]c,tl)At 
Id  l)ie  former  case  the  E{>Gctral  liiicn  will  he  k>ss  i'cfrati;;il>le, 
or  nearer  the  n-d  vtid  of  tlio  sjKtctnun,  and  in  the  latter  ciufi 
noarcr  tlic  bhio  tiiid.  If  the  line  ie  not  a  bright  one  which  the 
gu  emits,  but  the  con-esiioiiditij;  diiric  one  which  it  htw  ab- 
sorbed from  the  light  of  n  etur  passing  through  it.  Die  i-etiilt 
will  be  t}io  Aunie.  If  snuh  a  known  hue  is  foiiuil  slightly 
n««rcr  tiic  blue  end  of  tlie  spectrinn  than  it  should  bv,  it  is 
oonduded  tltat  llio  star  from  which  it  emanates  is  approneh- 
in^  iifi,  while  in  the  eoiitrnry  i:a»u  it  is  receding  from  tis. 

The  question  may  be  ajiked,  How  i:an  wc  idvntify  a  lino  as 
proceeding  from  a  gas,  unlees  it  ie  exactly  in  the  jKwition  of 
tlio  line  due  to  that  gaa  ?  Uow  do  we  know  but  that  it  may 
be  dnc  to  8omc  othL^r  giis  which  cnnt^  light  of  tli^bily  diffur- 
ont  refmngibilily  1  The  reply  to  this  mnat  be,  that  abwhicc 
rcrlninty  on  this  point  is  not  attainable;  bnt  that,  from  the 
examination  of  a  niimlxT  of  i$tai«,  tlic  pi'obabi lilies  ^um  large- 
ly in  favor  of  tlie  opinion  tluit  the  displaced  lines  ai-c  i-c«lly 
idnc  to  the  gases  near  whot^e  linee  they  fall.  If  the  lines  wera 
alvra}*!)  displaced  in  one  direction,  whatever  star  was  exam- 
ined, the  conchisiuii  in  qiieittion  <»nld  not  be  drawn,  becunsu 
it  might  be  that  this  line  was  dno  to  sonie  other  nnknown  twh- 
stance.  Jhit  as  a  matter  of  fact,  when  different  stars  are  ex- 
amined, it  is  foniid  that  the  linM  in  ipie«lioii  aru  sometimes 
on  one  side  of  llicir  normal  position  and  M>metitnc«  on  the 
ntlicr.  This  makes  it  probable  that  they  really  all  belong  to 
one  tnbstance.  bnt  arc  displac-cd  by  some  canbc,  and  the  motion 
of  (he  star  is  a  can«o  the  existence  of  whidi  ia  uertain,  and  the 
anfflcicnt-y  of  which  is  prtibablo. 

Mr.  Ilnggins'e  system  of  mcasiininient  has  been  introduced 
by  I'rofpSBor  Airy  into  the  Itoyal  Observatory,  Greonwieb, 
wrhcre  very  varcfnl  measnres  have  been  made  during  the  jiast 
ten  years  by  Mr.  Christio  and  Mr.  Maunder.  To  sliow  how 
well  the  fact  of  the  nioti<in  i.i  mndo  ont,  wc  gi^-e  in  the  tabic* 
on  tlio  followinsr  page  the  i-esnlts  obtained  by  Mr.  Hiiggins 
and  by  the  Greenwich  obeurvors  for  those  Stan  in  which  thd 
nwtion  is  the  largest : 
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a    " 
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16  " 
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a  Ljrw. »-.~. 

mCJffll ».. 

^GoniMnm..... 
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&S  milei  pcradc. 
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Tliere  are  eeveral  coUatcrml  circtim&latit.-e6  which  (end  to 
eoDflrm  Iheeo  nsiilu.  (>n«  m  th»t  tliv  gcttcr&l  amount  of  mo- 
tion indicated  is,  in  a  rough  wav,ftboiit  what  w«  »hoiild  expect 
tlie  Htura  to  litve,  frotii  their  oljeerved  proper  motion^  com- 
bined nnth  their  probable  parallaxce.  Anotlier  is  Uiat  thote 
stars  ill  t)ic  nci;;hlKirlio(*d  of  IIerciilc»  are  inoctlj'  found  to  Im 
n|>[> roach inj;  the  earth,  and  those  which  Ue  in  the  o)>iHi»itc  di- 
rection to  ho  receding  from  it,  whicli  ia  cxactljr  tJie  effect  which 
wonid  result  from  the  eolnr  motion  jiiBt  described.  Again,  the 
fivo  eiBt*  in  tlio  Di[>]>er  wliich  we  tnivc  doMTibe<l  aK  baring  a 
common  proper  motion  are  also  found  to  iiave  a  common  mo- 
tion in  tlie  line  of  eight.  Tho  results  of  this  wouderfnl  and 
reSncd  method  of  dctenniiiing  stellar  motion,  therefore,  eeem 
worthj  of  being  reoeived  with  some  confidence  to  fai-  as  the 
general  direction  of  tlie  motion  is  concerned.  Bnt  t)»e  did- 
pluemont  of  tliu  spectral  lines  is  so  slight,  aud  it«  measnro- 
mcnt  a  innttcr  of  sucli  ditliciilty  and  dolioacj,  that  wo  are  far 
from  lioing  euro  of  the  exact  numbers  of  miles  i>er  accood 
given  by  tho  observers.  Tlio  discordances  between  the  reealtt 
of  Greenwich  and  tliow  of  Ur.  Huggina  show  that  namcrical 
certainty  was  not  nttiiinod. 

During  the  last  throe  years,  Hr.  Koeler,  at  the  Lick  Obser- 
vatory, and  Dr.  Vogel,  at  Potsdam,  have  introduced  «uoh  re- 
finements that  motions  iu  the  line  of  sight  can  be  meamrcd 
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wltliin  a  fraction  of  a  mile  per  second  ;  and  the  hope  liM  even 
been  esprccecd  tlint  tlie  velocity  of  tlic  VArili  in  its  orbit,  >nd 
beiice  tiie  solar  parallax,  might  be  determined  in  iWa  way. 
Dr.  Vogul's  ^ycteiii  coneiets  in  pliotograpliing  tlio  spectrum 
of  tbestiir  alongside  the  spectmm  of  the  sun,  or  of  Honiti  known 
terriAtrtal  substance,  eo  that  the  photographic  pUle  affords 
a  permanent  record  by  which  the  displacement  of  tho  lines 
produced  by  tho  moving  star  may  be  mcusurvd  at  any  time. 
Sviiat  is  Hhown  on  the  plate  \&  tho  effect  of  the  cotnbined  mO' 
tiOD  of  tho  star  to  or  from  the  CJtrth,  and  of  the  c-ai'Ch  to  or 
from  the  star,  as  tt  moves  around  the  sun.  By  observing  tha 
velocities  at  difforont  sc&eonif,  Iho  motion  of  tho  earth  in  its 
orbit  ta  indicated  with  a  remarkable  approach  to  precipitin. 

Another  romarlcable  n>eult  of  spectrum  photogruphy  is  the 
detectioD  of  double  stars  so  close  that  no  telencupe  could 
separate  thom,  by  the  displacement  of  the  lines  produced  by 
ttieir  orbital  motion.  The  tiret  discovery  of  thia  t-on  was 
made  by  Professor  Fivkcring,  in  tho  cases  of  f  Ursa:  Majoris 
and  a  Anrig!i>.  He  found  that,  at  cvi'tnin  intcrvnift,  the 
spectrum  of  these  stars  showed  the  lines  to  bo  double,  while 
on  other  occasions  they  wero  shown  single.  These  altcrnft- 
lions  occurred  at  regular  intervals.  The  explanation  of  it  is 
this:  Wo  have  here  a  double  star,  each  component  of  wJiich 
sends  out  its  own  rays.  The  two  stars  are  revolving  around 
each  other.  When  they  arc  nearly  in  the  same  line  from  tho 
earth,  the  lines  formed  by  tho  light  from  tho  two  stars  coal- 
esce, and  socni  as  a  single  line,  but  when  one  star  is  moving 
from  the  earth,  and  the  other  moving  to  it,  the  lines  produced 
by  one  are  displaced  toward  the  rod  end  of  the  spectrum,  and 
tliose  produced  by  the  other  toward  the  blue  end.  Thus  they 
are  separated  so  as  to  form  a  double  line. 

Dr.  Yogel  has  found  that  a  similar  phenomena  is  presented  by 
a  Virginis;  only,  instead  of  tho  lines  doubling,  tlic  star  iteolf 
uiovea  back  and  forth  in  a  period  of  fonr  days.  This  shows  that 
a  comparatively  dark,  invisible  companion  is  moving  round 
it  Thus  spectroscopic  examination  is  bringing  to  light  dark 
planets  moving  around  tho  fixed  stars,  the  detection  of  which 
would  have  beeu  forever  hopeleaa  by  direct  telescopic  research. 
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CHAPTER  n. 

TBB  BTRl'CTDSE  gF  THK  VXtTKlKtE. 

Having  in  the  preceding  clinptcr  ck'scribed  ihow  fentnrei 
cf  the  iinirerse  which  the  teleevope  exhihils  (o  us,  wc  hate 
now,  in  pureimticB  uf  our  pUii,  to  itiqnin-  wliAt  light  telescopic 
(Jiscovcrieii  can  throw  iipon  tlit'  structure  of  the  univerao  a«  ft 
u-hole.  Hera  we  necessarily-  tread  upon  ^ronnd  less  Biira  than 
that  which  has  hitherto  suppoi-tod  \\i,  bccntiiw;  we  arc  on  tiM 
wry  huiindftritM  of  hinimn  kiiowleiiire.  Many  of  our  convln- 
eions  muethu  uiuro  or  lesd  li_v[>othctinil,Htid  liiiblu  to  bo  modi- 
fied or  dl»pro\'ed  by  Biibsecinent  disuoveriee.  We  tvhall  en- 
deavor to  nvoid  all  int-ii-  gncssee,  and  to  stale  no  uondusion 
which  hiw  not  »oine  Hpparait  foundation  in  obMrrration  or 
analog}'.  The  liunmn  inind  cannot  1>e  kept  fi-om  speculating 
npon  and  wondering  about  the  order  of  creation  in  ita  widest 
extent,  niid  eeicuco  will  be  doing  it  a  eorviov  in  throwing  ev- 
ery possible  Ught  on  it»  path,  and  preventing  it  from  reaching 
any  conclnsiou  inconsistent  with  ohfierved  facts. 

The  linit  qncBtiou  which  wc  reach  in  regular  order  J^  DoW 
are  the  foi-ty  or  fifty  millions  of  stars  visible  in  the  moat  {ww- 
orful  telescopes  arranged  in  space}  We  know,  fi-om  direct 
observation,  how  they  ai*  arranged  with  rcspoet  to  direction 
from  our  system;  and  we  Iirvc  »ccn  that  the  <>tuA  majority  uf 
Finall  stars  visible  in  great  telcsco]>en  are  foimd  in  n  belt  span- 
ning llio  heavens,  and  known  as  the  Milky  Way.  But  tliit 
gives  US  no  complete  information  respecting  their  absolute  (¥>• 
sition:  to  determine  this,  we  miint  know  the  distance  as  well 
as  the  direction  of  each  star.  But  beyond  llie  score  or  no  oE 
stars  whieli  have  a  meaHnrablu  parallax,  there  is  no  known 
way  of  moasnring  the  stellar  distances;  so  that  all  we  con  dfl 
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Ktb  mnke  more  or  los*  i>rol>«liJe  conjecture*,  foniidet)  on  tlie 

I  apparent  niagiiitiide  of  the  individnnl  i^tara  and  tlic  |irol*itt>le 
lawis  of  tlioir  Mrrangtiinunt.  If  the  slura  were  all  uf  tlis  eaiue 
iiitriiisie  l>rtglittic«»,  we  vonid  inukti  n  very  good  c»linmtu  uf 
their  disbinve  from  tlieir  ap[iarent  magnitude;  lint  we  know 
tliat  such  is  not  tlio  case.  Slilljn  nil  i-easonablo  probability^ 
Uto  diversity  of  uImwIiiIu  ma^oiitiide  U  far  Il-m  than  that  of  the 
ftpjiarent  magnitude;  w  that  a  judgment  founded  on  the  lat- 
ter is  uiueh  better  tiian  none  at  all.  It  was  on  siicli  cotieider- 
nlious  MS  these  rliat  the  conjectures  of  llto  tirst  obscri-crs  with 

Ittie  tuleecope  wei«  founded. 
§  1.  Views  of  Aslronomen  he/ore  Ifursefiel 
Before  the  invention  of  the  telescope,  any  well-founded 
opinion  respecting  the  strnctnru  uf  the  starry  system  was  out 
of  tlio  <jncition.  Wc  liuvc  awn  how  8trun«  a  liotd  the  idea  of 
a  Aphcrical  niiivei>e  had  i^n  ilie  mind«  of  men,  ro  that  even 
Co]>erniciiB  waa  fnlly  {xisticfiaed  with  it,  and  proliably  behoved 
the  6Kn  to  be,  in  some  way,  the  centre  of  this  spliere.    Before 

I  any  step  could  lie  taken  towards  forming  a  true  conception  of 
the  universe,  this  idea  had  to  he  hanislied  from  the  iiiitid,nnd 
the  Diiti  had  to  be  recognized  as  simply  one  of  innnnicrable 
fitare  which  made  np  the  univcr«i.  The  possibility  that  sui-li 
nii^hl  have  been  the  case  «eeniM  to  have  tint  suj^i^csted  it^lf 
to  Kepler,  thooi^h  he  was  deterred  from  cotnpletely  acceptiiifr 
the  idea  by  an  incorrect  eeliniatc  of  the  relative  brillianoy  oE 
the  Stan.  lie  rcasonct)  that  if  t)ie  sun  were  one  of  a  vast 
number  of  ii\cd  Mar«  of  et|ual  brilliancy  scattered  nnifornily 
ihronghout  space,  thcro  could  not  bo  more  than  twelve  which 
were  at  the  »horteit  distance  from  us.  We  ehoiild  then  have 
H  another  act  at  double  the  distance,  another  at  triple  the  dia- 
^"iance,  and  so  on ;  and  since  the  more  distant  they  are,  the 
fainter  they  would  appear,  we  »liould  s)>cedily  reacii  a  limit 
beyond  which  no  stai's  could  l>e  seen.  In  fact,  however,  we 
often  see  nuuicrons  stars  of  the  same  magnitude  crowded 
cloMtly  together,  as  in  the  belt  of  Orion,  while  the  total  num- 
ber of  visible  etars  is  reckoned  by  thousands.     lie  llteivfuiv 
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coiK-lndcs  tlrnt  tlio  rlifttftnoo)'  of  tliv  individual  Btare  Fintn  cboIi-j 
other  arc  macli  li?^  tlmn  their  di^tnticcfi  frotn  oiir  r>iiii,  the  \%tA 
ter  being  eitnatL-d  ncnr  the  centre  of  «  coiujmrativc-l;-  vncatit 
ii'^ioii. 

Had  Kepler  known  that  it  would  rc<]iiirc  the  light  of  a  hnu- 
dred  elare  of  the  eixth  magnitude  to  make  that  of  one  of  tho 
firet  initgnitude,  lie  would  not  have  ruaeliod  this  condiisinn, 
A  »ini]>le  calciihttion  would  have  fllinwii  him  thai,  with  twulvo 
stare  St  dietniicu  nnity,  there  w»n)d  have  been  four  times  tliat 
number  nt  tbv  donblo  distance,  ntnu  timoa  »t  the  treble  dt^, 
tance,  and  so  on,  until,  within  the  tenth  t^-hi-re.  tlii-rc  wonid 
have  been  more  than  four  tliousand  &tan).  The  twelve  him- 
drcd  etar«  uu  the  onrfaco  of  the  tenth  tplierc  vroub)  have., 
been,  by  ualculalion,  of  the  &i)(th  ma^nitiide,  a  nninber  near 
enough  to  that  given  by  actual  count  to  aliow  him  tlint  tlia 
hy|>othc«i8  of  a  uniform  di»tributiun  u'as  quite  BL-eordant  ivirh 
obsvi'vationK.  It  i^  true  tJiat,  when.'  many  bright  tXan  wtce 
fonud  cmwded  tc^tlier,a>i  in  Orion,  their  distance  from  each 
otiier  is  probably  lc«s  than  that  fixim  our  fiiti.  Itiit  tlnft  aa> 
glomoration,  being  quite  exceptional,  would  not  indicate  a  ^sew' 
end  crowding  together  of  all  the  stars,  as  Kepler  eeoraod  to 
sup)>oK>.  In  JuhMco  to  Kei'ler  it  mii^l  be  »aid  that  he  put 
forth  this  viexv,  not  as,  a  well-founded  theory,  but  only  a»  a 
surmise,  concerning  a  question  in  wliivll  ceilainty  was  uot 
nttninnble. 

Ideas  of  Kant. — Tliose  who  know  of  Kant  only  as  a  Ap«c»la- 
tive  philosopher  may  l)C  surprised  to  learn  that,  althongli  he 
was  not  a  working  nstn^ioiner,  be  was  the  author  of  a  ihouri- 
of  the  stellar  system  wbicli,  with  nome  modilieations,  bai*  Ix-en 
very  generally  behl  tintil  the  prcsonl  time.  Scdng  llie  (ial- 
sxy  eni-irc-Ic  the  Iicnven»,  and  knowing  it  to  be  produced  by 
the  liglit  of  itinumerabte  fttars  too  dlMant  to  le  individually 
visible,  he  concluded  that  the  stellar  s^'stem  extended  tnnoli 
farther  in  the  direction  of  tlie  Oaluxy  than  it  did  eUowheiv. 
In  other  wordK,  he  conceived  tlie  stars  to  be  arranged  in  a 
comparatively  thin.  Hat  layer,  or  stratum,  our  sun  being  some- 
where near  the  ucntro.    When  we  look  edgowite  along  tbii 
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Mratntn,  we  sco  an  iminctiw  number  of  ttai-s,  but  in  the  per 
^m    pGudictiliir  Uiroutioii  coiit)>«irHlivvly  few  aru  vUiblc* 
f      Tins  tliiii  tti-uliiiii  f»^e»tui]  to  Knnt  Lite  idea  of  a  ocrtain 

rc««inblftiic-ti  to  tlie  eolar  eysteni.     Owing  to  Iho  einftll  inclina- 

*ti(>ns  of  tIic  plauctary  orbits,  the  bodies  wliich  voinpose  this 
sjBCcni  are  sjiread  out  in  a  tliiti  lawyer,  as  it  wci^ ;  and  wo  have 
ciily  to  add  a  grutt  nitiltititdti  of  planets  moving  around  the 
8UU  in  orbits  of  varied  Inclinalions  to  liave  a  representation  in 
miniature  of  the  slellar  s\6teiii  m  Kant  iiuagitiod  it  to  exist. 
Had  (he  zone  of  small  planets  Itetwircn  Miu-k  and  Jupiter  then 
been  known,  it  would  have  nfTorded  a  sti'iking  confirmation  of 
Kant's  view  by  showing  a  vol  {^it-atcr  rusumblanco  of  the  piaii- 
elary  sj^tem  to  his  supposed  stclhir  s,tXem.  Were  the  num- 
ber of  these  Miiall  planets  snfiiciently  increased,  we  should  see 
them  as  a  sort  of  Galaxy  amnnd  the  zodiac,  a  si-L-ond  Milky 
Way,  belonging  to  onr  system,  and  resolvable  with  the  tele- 
•(Ki|>e  into  sniHll  planetit,  ju^t  as  the  Galaxy  is  i-esolved  into 
ainall  stars.  The  conchision  that  two  systems  which  n-ere  so 
^inilar  in  ap|ieuiitneu  wei-e  really  alike  in  structure  would 
Iiave  teemed  \c'ry  well  fonndud  in  analogy. 

As  the  planets  are  kept  at  their  proj^r  distances,  and  pre- 
vented from  falling  into  each  other  or  into  the  sun  by  tlie 
centrifugal  force  geiierated  by  their  revolutions  in  their  oi'- 
bitB,  so  Kant  siip]iowd  the  stars  to  be  k«])t  apiiit  by  a  revolu- 
tion around  some  common  eentre.  The  pro])er  motions  of 
tito  *Un  wei-e  tlien  almost  unknown,  and  the  objeetion  was 
anticipated  that  the  stare  wei-c  found  to  occupy  the  same  i>o- 
•itioii  in  the  heavens  from  generation  to  generation,  and  there- 
fore eould  nut  be  in  motion  around  a  eentro.  To  this  Kant'a 
reply  was  that  the  time  of  revolution  wiu  «o  long,  and  the 
motion  so  slow,  that  it  was  not  ])ercepti  l>!e  witli  the  im[>er- 
fect  means  of  nliservatJoii  then  available,  future  genera- 
tiotis  would,  he  doiihti'd  not,  by  vuin|writig  their  obwrvationi 


*  1'li«  oiiiciniil  iilea  of  Ma  llieorir  In  niiribiil«l  b]  Knril  id  Wnglit.  of  t)ntliiim. 
EnKlniid.  n  n  riior  uIimo  imilu  nrp  cnTinrly  onknuivn  in  tliUi  OOUDli}^,  aad  irboM 
■tttbonlit]'  of  iLe  ihcuiy  luu  boeii  tvt;  gmicrnllji  turgolwiL 


47ti 


tBM  arSLLAB  uyiresss. 


witb  thn*e  of  tLpir  predecceeon.  find  tltat  ihere  utnallj  wu  ■ 
moiion  ninoii};  the*  i>larv. 

Tbia  conjecture  uf  Kuit,  tliat  ilie  fitan  wonld  be  fonnd  to 
linrp  s  |>n>|«r  motion,  hu,  as  we  liave  eeefi,  beeii  amplv  con- 
tintK'<I ;  litit  t)tc  uwtioii  t»  not  of  tlie  kind  whicli  hi>  tlioor; 
woiitd  require.  On  tins  theory,  all  tlie  stars  ouglit  to  mo\'e  tn 
f)irct-tiori«  iiL*arly  parallel  to  that  uf  tlio  Milkv  Way,  jn^-t  as  in 
tli«  |>htiii-1ary  »y»tvn)  wo  tind  ihi-in  all  niuviiij;  in  din^iioiM 
nearly  [larallel  to  tlie  ecliptic  Bnt  the  proper  motions  actoallj 
obecr^'cd  have  no  common  direction,  and  follow  no  law  what- 
ever, cxDCpt  t))at,  on  tlie  uvcngo,  then:  m  a  prc|>undenuioc  of 
motions  from  the  coiifltellation  Ilervnlea,  which  t>  attribnted 
to  an  actnal  motion  of  oar  mm  in  tliat  clirertion.  Making  al- 
lowuncv  for  thU  propondeninco,  wc  find  tlic  fitarv  to  he  apj^mr- 
ently  moving  at  nuidoin  in  cvotv  direction ;  and  t]ict«fore 
lliey  (.-annot  \te  moving  in  any  regnlariy  arranged  orliirs,  as 
Kant  eiipposed.  A  defender  of  Kiuit's  systeiu  nii^it  indeed 
tnainlaiii  that,  at  it  is  only  in  a  few  of  the  stars  nearest  n$ 
that  any  [>ro[>er  motion  ha«  b««i  detected,  the  great  cloud  of 
stars  which  make  tip  the  Milky  Way  might  really  he  ntovin^ 
alon^  in  regular  order,  a  view  the  poesibility  of  which  we  Bhall 
he  hotter  [ircparcd  to  consider  lirronftor. 

The  Kantian  tlieory  •uptH>«»  the  system  which  wc  have 
jnst  been  describing  to  be  formed  of  the  immeaso  siratnm  of 
Mani  wliioh  make  np  the  Gala.xy  and  stud  onr  heavens,  attd 
to  include  all  the  8tat«  Bcpanit«ly  viitihlc  witli  onr  IctescopeL 
Put  he  did  not  suppose  this  system,  imntense  though  it  i^  to 
conititntc  the  whole  material  nniveno.  In  tl>o  ticbnhe  he 
MW  other  similar  eystemit  nt  distances  eo  immense  thai  ili« 
combined  light  of  their  millions  of  suns  only  appeared  ae  a 
fnint  I'lond  in  the  most  powerful  telei>copcs.  Tliis'idea  that 
the  nchuUe  wore  other  galaxiut  was  more  or  IcM  in  vegiie 
among  ]mpnlar  wnten*  until  a  quite  recent  {>eriod,  when  it 
waa  refnicd  by  the  spectroscope,  which  shows  that  these  ob- 
jects are  for  t)ic  most  part  masses  of  glowing  gati.  Il  has, 
however,  not  received  support  among  oetroiiomeia  since  th« 
time  of  Sir  William  UerscheL 
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iS^uton  (^  Latntcrl. — A  few  years  after  llio  ajipoarain;o  of 
tnt'*  work,  n  siiniUr  bnt  more  c-laboratu  iivftU*ni  wii^  okutclied 
[out  hy  Laniliert.  lie  eiipjiosed  tliu  utiivereo  to  be  ai-raiigcd  in 
erstrtns  uE  OifTuroiit  ordeiv.  Tliu  i^tiiallc>st  ^ysioru  wliiuh  we 
Vunv  ure  tlio^  iniule  uji  of  n  i>laiiet,  wiili  itii  satcllilu«  vrix-ti- 
lating  arontid  it  as  &  oenti-e.  The  next  evslem  in  order  of 
liiHgiiittidi-  is  a  colar  »j-6tciti,  in  uliii^li  a  iiiiinbor  of  ginallcr 
•vxtoiiiit  arc  e«di  i-arried  i-oiini]  tbe  aiiii.  Kndi  individual  »iiir 
wliicli  ve  see  is  a  6iiti,atid  has  ita  i«titiiie  of  planets  mvolviiig 
around  it,M  that  ttiero  arc  a*  iiiatijr  iolar  ty»ton>^  oa  film's. 
TtieM  mtema  are  not,  however,  w:attercd  at  mTidorn,  bitt  ai-c 
divided  up  into  greater  systeiiie  which  ap])ear  in  our  telescopes 
as  clusters  of  slum.     Aii  iin:iien£o  tiiiinbGr  of  those  c-hi^tci'S 

tmnkc  up  otir  Uahixy,  and  form  tlie  visible  universe  as  ficcti  in 
wir  telesoopea.  There  niaj  ho  yet  j^'enter  fiystem»,  each  made 
op  of  galaxies,  and  eo  on  iridctiiiitely,  only  tlieir  distance  ia  so 

•itnntoiisu  as  to  chido  our  observation. 
Eacli  of  tlic  ^inallor  systems  \'isible  to  iis  has  it^  central  bi>dy, 
the  mass  of  whieh  is  much  greater  than  that  of  those  wliich 

•  revolve  around  it.  This  feature  Lambert  siippoM^d  to  extend 
to  oilier  Bystoms.  As  the  plnneU  are  larger  than  thvir  suIeU 
lit««,  and  the  sun  lar^r  than  its  planets,  so  he  snpi^ofied  eacK 
Mellar  diiHter  to  have  a  great  central  body  around  which  eauh 
solar  system  revolved.  As  these  central  bodice  are  iiivi*iblc  to 
UK,  he  sup))o»«d  ihcm  In  be  njtarpie  and  dark.    All  the  systems, 

I  from  die  smotieflt  to  the  gi-cntest,  were  supposed  to  be  bound 
together  by  tlto  one  univei'sal  law  of  graviiiitlon. 
As  not  the  »li.!;htent  evidence  favoring  the  existence  of  these 
Opaqno  centres  has  ever  been  found,  we  are  bound  to  say  that 
this  subliuio  idea  of  Lambert's  has  no  scicntifie  foundation. 
Astronomers  have  handed  it  over  without  reservation  to  the 
feidurcre  and  essayiats. 

§  2.  Researches  o/JJcrschd  and  hit  Successors. 

Herachel  was  tlio  finnt  who  investigated  the  structure  of 

the  stellar  s\'stom  by  a  long-continiiod  series  of  observations, 

[  eseciilcd  with  a  detiiiile  end  in  view.     His  plan  was  that  of 


476 


TBE  STELLAS  VXirBMSE. 


" Mnr •  ^nging,"  which  meant,  in  iho  tint  plmeo.  tlio  Mcoplo 
enumeration  of  all  the  sturs  visible  with  a  ]M)werEnl  tele- 
Bcupu  in  a  >fivon  jiortion  of  tliu  lii-avfn^  Ho  oiniilovcil  a 
telc»co]ie  of  twenty  inches  n])ei-lnre,  niaj^nifjiii];  oii«  hunilivd 
and  sixty  times,  the  field  of  vievr  being  a  qtinrler  of  a  decree 
in  diainotvr.  TJiis  diameter  \va«  about  half  that  of  thu  full 
moon,  <K>  lliat  each  connt  or  gunge  included  nil  llio  stars  visi- 
ble in  a  Bpacc  having  one-fourth  the  apjiarcnt  surfac-c  of  the 
lunar  disk.  Fruni  tlib  nnmber  of  iitai«  in  anjr  uiiu  lield  of 
view,  lie  eoiicluded  to  what  relative  dl&tanoe  his  si^lit  ex* 
tended,  supposing  a  unifunn  distribution  of  the  etai-s  througli- 
out  all  tho  epaco  included  in  the  uoim  of  «ght  of  tlie.tclvMMi>e. 
Wlivn  au  o1»crvor  looks  into  n  teleflcope  ]>oiuted  at  tlio  licuv* 
en»,  lufl  field  of  vision  includes  a  space  which  coiutaiitly 
widens  out  on  all  sides  as  tho  distance  hocomce  greater;  and 
the  reader  acquainted  witii  geometry  will  see  tluit  this  ^pavc 
forms  a  cone  htivin<jr  its  {loint  in  the  focus  of  the  telc«copo,  and 
its  eiruulnr  ba^c  at  tiie  extreme  distance  to  winch  tlie  lvle»oo|ic 
rcauhea.  The  solid  contents  of  tliis  ooiie  will  be  projKirtitiiinl 
to  tlie  cnbe  of  the  distance  tu  which  it  extends;  for  instance, 
if  tho  toioscopc  [lenetvatca  twice  as  far,  the  cone  of  giglit  will 
be  not  only  twice  as  long,  but  tho  base  will  be  twice  a*  wide 
in  eadi  direction,  so  lliat  tliu  cuiic  will  have  altogether  ei^it 
times  the  contents,  and  will,  on  Elerschel's  liy|)othc»iis  contain 
eight  timc«  as  many  stars.  So,  when  Uerschel  found  tlie  staiv 
eight  times  as  numoi-uns  in  ono  region  as  in  anotlier,  he  con- 
cluded that  tlio  Atellar  eystcni  extended  twiue  ub  far  in  tbe 
direction  of  the  first  region. 

To  connt  all  tlio  stars  visible  witli  his  telescope,  Ilersi-Jiel 
found  to  bu  out  of  tho  question.  He  wonld  liave  had  to  point 
bis  instrument  several  Imndi'cd  tlioiisand  times,  and  uonnt  all 
tlic  visible  stare  at  each  pointing.  lie  therefore  extended  hit 
survey  only  over  a  wide  belt  extending  more  than  half-way 
round  tho  celestial  sphere,  and  cutting  tlie  Galaxy  at  right 
angles.  In  this  belt  he  connted  tho  stars  in  3400  telcMwpic 
fields.  Comparing  tlio  nv<!ragc  immlier  of  stars  in  different 
r^oD3  with  the  position  of  the  region  ralalive  to  tiie  Galaxy, 
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ho  found  that  ihe  utttra  were  thinnest  at  the  point  most  distant 
^irom  the  Galaxy,  mid  that  tliev  uonetaiitly  inuR-asud  in  niiin- 
DT  u  tho  Galaxy  wiw  a]iproaG)M»].  Tltc  following  (alilo  will 
I  give  an  idea  of  the  mtc  uf  increase.  It  t^howfl  Ihe  average 
:  niiuher  of  stare  in  the  field  of  view  of  the  tcleecopo  for  vacU 
I  of  six  zones  of  dietanco  fium  the  Galaxy. 

FfrKtont 90*  U  'C  from  Galaxy 4  «Mn  per  field. 

S«on()  lono Ti=  "  «0*    "        "    ' S      "        " 

Thini  zoiic CO'  "  *!.'     "         "       8       "         " 

Foonli  u>nt *:.=  "  30'    "        •■      _._ H      "        " 

Fifth  TODc !Xr  "  IS"    ••        "      H      "        " 

Siiihione 15'"    CC    "       "      a      " 

[a  similar  en  nmorat  ion  was  made  hy  Sir  John  Uci^chet  for  the 
fcorroEpoiiding  iv^iuu  on  tbv  othcr.or  Euntlicrn,Eido  of  the  Gal- 
iKxy.  Ho  iwed  the  »ame  telescope,  and  tike  same  magnifying 
'  |Kiwer.    Ilia  resulis  wei^ : 

Flm  toil* fl  ttnn  p«r  flclil.  !  Founli  tone IS  *iai>  per  li«IJ. 

SmmdMm. 7      "         "        i  Fifth  «ne._ 26      " 

hMMne. 9      "       "       ISxthwite 3»      "       •' 

T)ie  reader  will,  perhape,  luorc  readily  gras|>  tliu  »igtiitica- 
tion  of  thc«c  nmnbeiv  by  tho  mode  of  rcprvecntation  wliich 
was  sn^rgcatcd  in  dpst-ribint;  the  di»tnl>tition  of  tho  nulinliLs 
Let  liim  imagine  himcelf  standing  nnder  a  ulear  sky  at  the 
timo  when  tlie  Milky  Way  ciicirelus  the  horizon.  Tli«n,  the 
^reit  Enne,  as  we  have  defined  it,  will  he  ari^tnud  the  xeiiitli,  ex> 
tending  one-sixth  of  the  way  lo  the  horizon  on  every  side; 
the  second  mnc  will  ho  next  below  and  around  this  oirtrTilur 
•pace,  extending;  one-lhii'd  of  iho  way  to  the  horixon:  and  m 
Micb  one  will  follow  in  regnlar  order  until  we  readi  tho  sixth, 
or  galactic,  zone,  which  will  envirclc  iho  horizon  to  a  heigltC 
of  15"  on  every  side.  The  nnnibers  wo  have  given  show  that 
■ill  the  iH»fition  of  the  observer  wluuh  wo  liavo  snpposod  the 
elan  wonid  bo  thinnest  around  tlie  Kcnith,  and  wonld  con- 
stantly inci-eiuao  in  nnmber  ae  we  a|Ji>roftdiod  tlio  horizon. 
Tlie  observer  being  snpjmsed  still  to  o<;ou|iy  the  same  f»o«i. 
tion,  tlie  second  table  shows  tho  distribution  of  tliu  stare  in  tha 
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oppoeito  at  Invisible  heiniapliere,  wlikli  lie  would  see  If  tha 
earth  were  removed.  In  Ihie  licmiepbere  the  tir»t,  or  tbinneet, 
zoiiO  would  be  directly  uppcwito  tliu  Uiiimoet  zouo  iu  the  ob- 
server's xvnith ;  UiAt  if,  it  would  be  directly  iiiidcr  liis  Ival. 
The  sui'ce^ivo  zones  would  then  l>e  rearer  the  hori^ton,  the 
sistU  or  latiC  euciccliiig  it,  and  extending  lfi°  below  it  ou  aery 
side. 

The  numboi-s  wo  have  given  are  only  itvenigeB,  and  do  do( 
giro  an  adcqiiatu  idea  of  tbc  actual  invijimlities  of  dielrihii- 
lion  in  t^in'c-iiil  rvgioii«  of  tlie  beavcnt).  Soincliinw  thcro  wa£ 
not  a  H>btary  Btar  in  the  field  of  Ibe  telescope,  while  nt  oib- 
urs  thui-c  were  uittiiy  bniidittdD.  In  the  c-irele  of  the  Galaxy 
itself,  ibo  Bt«i«  ui-c  niui-u  ihiui  twieo  n»  thick  as  in  the  avem^ 
of  the  lirot  xoiie,  whieh  inuUideii  not  only  tlii»  circle,  but  » 
fipaee  of  15°  on  eadi  eiitu  of  it. 

Adopting  the  liy]H)tbe«i8  of  a  nnifonn  distribution  of  tin 
6lAr»,  liertelicl  concluded  from  bii^  tint  i-ceearclic«  tliat  tlte 
stellar  eyotoni  was  of  tbc  geneiiil  form  «np{KMid  by  Kant,  ex- 
tending out  on  all  elides  five  tiinc^  af>  far  in  the  dli'oction 
iho  Gala-^y  as  in  llio  din-etiuu  iK^riimidiuular  lo  it.  Tlio  m 
important  modiUcatioii  lie  made  wut  to  »np[)OHe  nu  imntcnso 
olcft  cxiendinf;  edgewise  into  Ibe  i^y^lcin  fiftn  iu  (■Iminifer- 
ence  aliout  half-way  to  llio  centre,  niis  clcfl  corroepondod  lo 
the  diviiiion  in  tliu  Milky  Way  whiuh  commences  in  tlie  sum- 
mer  eonstellalion  Cvgniiit  in  llie  nortb,  and  [wsmk  thrungli 
A(]uilH,  tbe  Surpeni,  and  ^cnrjiiua  far  into  the  Goutlicni  henn* 
epberc.  ]-!6tiniating  the  distanoo  by  the  arraagotncnt  and  «{>■ 
parent  ina^iitndc  of  the  sture.  be  was  led  to  ettiniate  tbu  mean 
tliickni'«:«  of  tlur  slellar  etrutnm  from  top  lo  bottom  as  165 
units,  and  tbe  diameter  as  850  unite,  the  nnit  being  the  av-erv 
age  dietance  of  a  star  of  tlie  first  niH^riiitndc.  Snp(>o«ing  tliia 
distance  to  be  tbut  wlncb  ligbl  would  travel  o^-e^  in  !•}  yean 
— a  &np))0&ition  which  is  founded  on  the  received  e&timate  of 
the  mean  parallax  corroB|jonding  to  stara  of  that  magnitude — 
then  it  would  take  liglit  nciiMy  14,0<lii  yean  to  travel  acrow 
the  system  fi-oin  one  border  to  the  otber,  and  7000  jeors  to 
reocli  ua  from  tlio  vxtreiuu  boundary. 


Tli«  foregoing  (IcJuction  of 
-llvixilicl  WM  foiiiidi'd  on  tlio 
E  li^polliesis  tliattlic  stars  vera 

equally  cloiiao  in  ovory  jMii't  of 

tlic  »teUai-  «t-»t4;iii,  su  ilmt  tlio 

tiutnber  »if  Man  in  any  ilireo- 

tion  furiiie)i»l  an  index  to  the 

extent  uf  tliv  Mi\r»  in  llwt  di- 
[  rection.    Fiirtliei"  sindy  sliow- 

ed  llerechel  tlmt  Ibis  assump- 
tion n>t£;Ut  be  to  fur  fn>iii  cur- 

rectliukt  liiftcoDcIiiHtonHwoiiId 

have  to  lie  essentially  modi- 

Hc().   ]!inniT  nnd  oilier  doiiMe 

}tani  and  Mar  olnstoiB  evident- 
ly (iffurcd  vaf^A  in  whiuli  sev- 
eral stjii-^  were  in  iniudi  elo«or 

lueocintion  tlian  were  the  ^tnm 

in  gencml.     To  show  exactly 

on    wliHt  eoiisi dilutions   this 

cliauge  of  view  i«  fonnded,  we 

nmark  ilmr  if  ilie  inci-eiue  of 

deiieity  in  the  direction  of  the 

Milky  Way  wore  t(iiite  rt^u- 

lar,  HO  that  thciti  vrcit)  no  casm 

of  great  differeiiiK  in  the  Uiick- 

neoft  of  the  stare  iit  two  adjoin- 
ing rcgioni<,  then  the  original 

view  would  have  l>ecn  oound 

00  far  as  it  wont    Itnt  such  ir- 

regnlarities  arc  very  ficqiient, 

aitd  it  would  lead  to  nn  (ih\i> 

ons  absnrdity  to  explain  thoin 

on  Ilerechel's  tint  liypothoeis ; 

for  inMiLnce,  wlien   the   tele- 

ec>^ie   WAS   du-L'L-t«d   tuwnrds 

Uio  Pleiades  tliere  uonld  be  Fio.i'».-U'-"«'cI> /'-•^tue  t-™  ^rtibi 
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Lfoiiitd,  prohablr,  six  or  eight  times  as  many  stars  as  in  the  nd^ 
'joiniii}|;  field*.  UiU  8U)>i>o«ing  tlie  real  UiickricM  of  the  Mim 
the  Haine,  the  result  would  be  that  in  tlii»  parlicnlar  direction 
Ibo  6tai-s  exlcndcd  out  twice  a^  far  as  tlicy  did  in  tliv  nciglt- 
boring  pnrta  uf  the  »ky;  that  is,  wu  ithotild  have  a  lung,  nar- 
row fljiilte  of  stars  pointing  directly  from  na.  Aa  there  are 
miiny  such  chiglcre  in  variona  {miU  of  t)ie  ekr,  wo  tihoiih]  have 
to  Mi|>{)o»u  a  great  nunibur  of  isiich  H]>iki».  In  oiIkt  ivgiona, 
especially  arouii<)  the  Milky  Way,  there  are  spsoei  nearly  roid 
of  slarc.  To  account  for  tlie«>  we  should  have  to  suppose 
long  nnrruw  chasms  reaching  throngU  towards  onr  sun.  Thus 
the  stellar  Rysleni  would  ])rc9«nt  the  form  of  an  exag^ratod 
slar-tieh  with  nnmcrons  deep  ojieninga,  a  form  the  esisience 
of  which  is  beyond  all  probahility,  c»pocial1y  if  wo  tsfievt 
that  all  the  openings  ntid  all  the  arnis  have  to  prooecd  trxnn 
tlie  direction  of  our  Hiin. 

The  ouly  rational  explanation  of  a  gronp  of  elars  allowing 
itself  in  a  ti^cBcoiic,  with  a  cuinpai-ativcly  void  s|iauO  surround- 
ing it,  M  that  wc  have  li«re  a  real  »tAr  cluster,  or  a  rc^on  \a 
which  tho  Mai'e  are  thicker  than  elsewhere.  Now,  one  can  toe 
with  tlio  naked  cy«  that  tlic  Milky  Way  is  not  a  continuous 
iinifonn  helt,  bnt  !»,  tlii-ougli  mncli  of  its  conno,  paiily  made 
np  of  a  great  number  of  irifgnlar  doud-like  masses  witli  com- 
paratively darlc  spaces  between  tliem.  The  conolnaion  is  nn- 
avoidablc  llint  wc  ha\c  here  r^-al  ai^ivgalions  of  stais,  and 
not  merely  a  region  in  which  the  h>iund«  of  tho  etvllar«v»- 
1cm  arc  more  widely  extended.  Wielher  IlerBchel  clearly  mv 
this  may  he  »crion*ly  qntsstiuiii-d ;  bnt  howovur  it  may  have 
been,  he  adopted  another  niethod  of  etttinialing  tho  rttlatit 
difitancoH  of  tho  stare  visible  in  his  gauges. 

Tlii^  nicthdd  consimtcd  in  judging  of  (ho  distances  to  which 
his  tclescoiJo  }>enetrated,  not  by  the  nupnhcr  of  stars  it  brongbt 
into  view,  bnt  by  their  brightness.  If  all  the  stai-s  wen  of  tlie 
tame  intiinmo  brightness,  so  that  tli«  differences  of  their  ap- 
parent niagnitnde  ai-ose  only  from  their  various  distances  from 
DB,  th4Mi  this  method  wnnld  enable  us  to  lix  the  distance  of 
each  separate  star.     But  as  wc  know  that  ttio  stars  are  by  oo 
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tneniu  equal  in  intrinsiu  briglitncse,  the  tiictliod  c»ntiot  Ih3 
Bafely  a|>i>lie<]  to  an;  iiidividuat  flUr,  a  t&ct  which  Ilerechel 
biiiisvlf  flcwrlv  taw.  It  does  not  follow,  however,  that  wo 
cannot  thiis  form  ad  idea  of  thu  relittivo  di»tatiac«  of  whole 
classes  or  groitpa  of  Htara.  Although  it  is  qnite  ]xii«ill«  that 
tin  itidividnal  Mar  of  llio  tiftli  ningnittide  may  be  nearer  fo  iw 
tlinn  nnotlicr  of  tlic  fourth,  yot  wo  uaiiiiot  doubt  that  the  ftv- 
entge  distance  of  all  the  fiftli-mriijnitiidc  slam  i«  profltcr  ihaii 
the  average  of  those  of  the  fourth  magnitude,  aiid  greater, 
[too,  in  A  proportion  admitting  of  a  tolcrablv-  accnraic  nunicri- 
Siidi  uii  OfltiiTi&tt;  IIer»dicl  attempted  to  itinkc, 
^'on  the  following  plan: 
Suppose  ft  spliero  to  be  drawn  aronnd  onr  eun  b8  a  cenlru 
of  8Hch  9lxc  that  it  cball  bo  


I 
I 


equal  to  the  average  spaee 
occupied  by  a  elnglo  one  of 
tiiC  litar^  vi»ibli>  to  the  naked 
eye;  that  m,  if  we  snpixffie 
that  portion  of  the  epace  of 
tlie  slcllnr  (f^yftteni  occupied 
by  the  i,\\  tlionund  bright- 
er elars  to  t>e  divided  into 
six  thoMiiand  part^  then  tliu 
8|>ben!  will  bo  eqnnl  to  one 
of  tlieee  {mrt^.  Tho  radius 
of  tliis  fipbere  will  probably 
not  differ  mncli  fruni  tito  dii^- 
lanco  of  the  nearest  fixed  t>tnr. 
a  distance  we  chall  take  for 
unity.  Then,  supjiose  a  aeries 
of  larger  spheres,  all  drawn 
around  onr  Kiin  iw  n  centre, 
and  Imving  the  radii  8,  o,  7, 
9,  etc.  The  contents  of  the 
iphercB  being  as  the  cubes 
of  their  diametew.  the  firvt 
•ptiere  will  have  3  x  3x  3=£7 
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timee  the  bulk  nf  l1ic  unit  sphere,  and  will  therefore  he  larga 
enongb  to  coiititiu  2T  ^Xuk;  the  ^cvuikI  will  hnvo  I2&  times 
tlio  hulk,  uiid  will  Ihvrt'forc  c-outftin  1^5  mak,  itiid  so  with 
tlio  Bticuci^ive  sjiherc^.  Fig.  110  6hoWA  )i  i^ciion  of  )>ortiona 
of  these  ejilicrcfi  up  to  that  with  i-ndiua  11.  Above  tlio  centre 
are  given  tho  various  urdci'S  of  Ktars  which  »n>  eituat4.xl  be- 
tween the  «cvoml  tijilieivft,  while  in  the  c<^irn»|>oii<liiif;  ^puc-M 
below  the  (Hjnti'c  me  given  tiie  mimbci'  of  fttara  wlilch  tlm  re- 
gion is  largo  enough  tu  eoiitaiii;  for  instaiivc,  the  epltere  of 
rsdlus  7  hu«  room  for  343  am*,  hut  of  thi»  »pHoc  I'ib  \iaxt» 
belong  to  the  epherea  iuatde  of  it :  there  i»,  therefore,  room  fur 
218  elara  between  tlio  spheres  uf  radii  5  and  7. 

Ecrsclivl  dc«i,i^iiil(»  tlie  sevcnil  di»ranoci  of  rlii-cc  layers  of 
etan*  as  orders ;  the  stars  between  e)tliei-es  I  and  3  nro  of  llie 
fii-Ht  order  of  difilatice,  those  between  8  and  5  of  tho  aeoond 
order,  and  m>  on.  CompuHiig  tlio  room  for  otarB  between  tlw 
several  ephcroii  with  tlio  niunbcr  of  stnrs  of  tlie  sevural  magui- 
tudcs,  he  found  the  result  lo  he  as  follows: 
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There  is  evidently  no  corre.'iiMjndcnce  between  the  cnicnla^ 
ed  ordcrH  of  dietanee  and  iho  magnitudes  as  estimated  on  tho 
nsnal  eeale.  Bnt  flersdiel  found  that  this  was  becattse  Uia 
inagnitiideit  as  nanally  estimated  cone*|^)Oiidfd  to  an  entirolj 
different  scale  of  dif^tjtnce  from  that  which  lie  adopted.  In 
his  scale  tho  several  distances  increased  in  arithmelieal  ]iro- 
grcssion ;  while  in  thu  older  of  magnitndes  the  increwe  )■ 
in  gcunietiicnl  prugrc^eion.  In  eonse<juciice,  tlio  stare  of  tfae 
aixth  magnitnde  correspond  to  the  eighth,  iiintli,  or  tenth  order 
of  distances;  that  is,  wo  should  have  to  remove  a  star  of  the 
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tnnjpiittidc  to  ciglit,  nine,  or  ten  times  its  Ktttiiitl  distftiico 
'  make  it  shine  att  a  star  of  the  sixth  magnitude. 

Attviitptitig  on  tliis  svstem  to  meaeiiio  llie  extent  of  the 
Ujlky  Wnv,  ilci'suliul  concluded  that  it  vta*  iirifatlioinablo 
wit)i  bin  tveiitj-foot  telescope,  which,  ho  calculated,  wonM 
petietmte  to  tlie  900th  order  of  distances,  that  is,  to  stare 
uhielt  wei-b  900  timet  as  fur  as  the  kvci-a<;;(;  of  tho«o  of  the 
Hr»l  magnitude.  He  docs  not  seem  to  liave  mnde  any  very 
extended  examination  with  his  forty-foot  lelcseupe,  but  con- 
cluded that  it  would  leave  him  in  tho  esiinc  uncertninty  in 
rc#|H!ct  to  the  extent  '.f  the  Milky  Way  as  lh«  iwcniy-foot  oiie 
did.  This  unrivalled  inan,  to  whom  it  was  given  to  {tenetrate 
fartlier  into  creation  than  man  had  ever  dono  bcfoi-o  him, 
eeciiis  to  hnvo  rwled  from  his  lalK>r«  vrichout  leaving  any  moru 
dctinile  llieory  of  the  iKinndanes  of  the  stellar  system  than 
that  they  extended,  at  least  in  the  dti-ection  of  the  Milky  Way, 
beyond  tliv  utmost  limit  to  which  his  tL-le»co|ic  could  penetrate. 
If  wo  csltmftCe  the  time  it  would  rcipiire  light  to  come  from 
the  utmost  limit  to  which  ho  believed  his  vision  to  extend, 
we  shall  liud  it  to  bu  about  fourteen  thonmnd  years,  or  more 
than  double  lliat  deduced  from  his  former  guu^es.  Wo  can 
wy  with  coiitidt'iice  that  (be  lime  required  for  liplit  to  reach 
us  from  the  most  distant  visible  stars  is  measured  by  thoii- 
(Auds  of  years.  Unt  it  must  be  ndnntted  Ihut  ller^chcl's  esti- 
mate of  tlie  extent  of  the  Milky  Way  may  be  far  too  prcnt,  be- 
cause it  resti)  on  the  assiiinplion  that  all  stare  are  of  the  same 
absolute  brightness.  If  the  smallest  stare  visible  in  bis  tele- 
scope were,  on  the  average,  of  tlio  same  intrinsic:  brilliancy  as 
the  bn'ghtcr  ones,  the  conclusion  would  Iw  well  founded.  But 
if  we  suppose  a  boundary,  it  is  impo^ible  to  decide  from  Ilor- 
wJiel's  data  whether  the  minuteness  of  those  stars  arises  from 
their  ^reat  distance  or  from  their  email  magnitude.  Notwith- 
standing this  uncertainty,  it  has  boon  maintained  by  fouic,  not- 
ably by  Mr.  Proctor,  that  the  views  of  Ilerschel  i"ea]»ecting  tlie 
oonstitntion  of  the  Milky  Way,  or  stellar  system,  were  radical 

changed  by  tins  second  method  of  star-ganging.  I  see  no 
lenco  of  any  nulicul  change.     Although  llei^chol  docs  not 
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•xpreM  hiimielf  Ten-  detinilel  v  on  tlie  rabject,  j«t,  in  Ul  last  ~ 
paper  ou  Uie  dUtribution  of  tlie  usra  {PhilMOpltioal  7Van> 
acfM»u  for  1817),  iliore  aru  wrcrmi  remarics  wkfaili  wem  to  ira- 
plr  that  lie  Mill  »u|>)wi3ed  tin  stelUr  •jr«tem  to  have  tite  gen* 
end  form  eliowu  iti  Fig.  100,  and  ibst,  in  aooonlanoe  vitti  tltat 
view,  lie  aup)MMHl  tlw  cltuleritig  of  stare  to  indicate  protober- 
ant  |jnrtB  of  tlie  Milky  Way.  He  did,  indi^d.  apply  n  diffii^ 
cnt  metliod  of  research,  hat  tlie  results  to  whii'h  lli«  new  niotb- 
ods  led  were,  in  tliuir  main  fvatnros,  tlie  same  as  tlioee  of  tlto 
old  metliod. 

Since  tlie  time  of  Ilerechel,  one  of  the  most  eminent  oF  tbo 
s«lronoiiicre  who  bavo  inveetigatvd  tliis  subject  ie  Strtire  Ilie 
elder,  formerly  director  of  the  I'lilkowa  Obecrvatori".  His  iv- 
»earclic&  vere  founded  mainly  on  the  niimbcn  of  Han  of  Ilw 
several  magnitudes  found  by  Beeeel  in  a  xone  thirty  de 
vtdu  vstending  all  round  tltc  )i«aven«,  tiftevn  degrees  on  each 
side  of  the  equator.  With  thtio  lie  combined  the  gauges  of 
Sir  William  Herscbel.  TIte  liy|iotlieiiis  on  which  lie  b«u«d  hit 
theory  was  similar  to  tliat  employed  by  llerschel  in  his  later 
reeenrelice,  in  no  far  that  ho  suppoAcd  the  magintndo  of  the 
Alan  to  fumi^i,  on  the  Mera^  a  ineuiire  of  their  relatiro 
distancea.  Supposing,  after  llereehel,  a  number  of  conoentria 
aplwrcs  to  bo  drawn  around  the  enn  as  a  centre,  the  eiiceefieive 
•paccfl  between  which  eorresjionded  to  »tars  of  the  several 
magnitudes,  he  found  that  the  farther  out  he  went,  the  mors 
tbo  stars  woro  eondensed  iu  and  near  ttio  Hilky  Way.  Tliis 
coiicliuion  niny  bo  drawn  at  on<-e  from  the  fact  we  h^vt  aU 
ready  mentioned,  that  the  smaller  the  stars,  the  more  they  arsi^ 
(londensed  in  tlio  region  of  the  Galaxy.  Siruve  foniid  that  if ' 
wo  take  only  the  ctai-i  phiinly  vii«iblc  to  the  naked  eye — tliat 
ia,  thoAe  down  to  the  fifth  inagnitnde — tliey  are  no  thicker  in 
tlie  Milky  Way  than  in  other  parts  of  the  heavens.  But  ttioeo 
of  the  sixth  magnitude  are  a  little  tUiekcr  in  rhnt  region,  tt)0M<| 
of  the  teveiitli  yet  thicker,  and  so  on,  tlie  inequality  of  dtstri--j 
bution  becoming  eoustantly  greater  us  the  tclescopie  pon-er  if 
tncroMed. 

From  all  this,  Sti-uve  concluded  tlmt  the  stellar  eyslom  mighl 
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be  coneidereJ  as  composed  of  la^-cn  of  Blare  of  varions  densi- 
ties, nil  iwrBlk-l  to  the  plan«  of  the  Milky  Way.  Tlio  *t*r»  nn 
thidtest  ill  aiid  nvnr  tlio  oeiitml  layer,  whioli  he  conceives  to 
be  spread  out  as  a  wide,  thin  &licct  of  Ktaiv.  Our  miii  ie  eitii- 
atbd  near  Uie  middle  of  tlii»  liiycr.  Ag  we  pass  out  of  iliU 
layer,  oa  eitlier  side  we  tiiid  tlic  sXar»  cnastanlly  growing  tliin* 
ucr  aiid  thinner,  but  wo  do  not  ivkcIi  any  distinct  boiinditry, 
Aii,if  wc  could  n«c  in  the  uuiio^plivre,  we  should  lind  the  air 
constantly  growing  tliiiiner,  but  at  so  gradual  a  rate  of  prog- 
ress that  we  could  hardly  say  whoro  it  terminated;  so,  on 
StrinVs  view,  woidd  it  bo  with  the  stellar  system,  if  we  could 
tnoiint  up  in  a  direction  [>cr|M>n(]icuIar  to  the  Milky  Way. 
Struvo  gives  tlie  following  table  of  the  thickness  of  the  stars 
on  each  side  of  the  principal  plane,  the  unit  of  distance  being 
tliat  of  the  cxtreiuu  distance  to  which  Ilei^chcl's  telescope 
could  [teiietrate: 

I  This  condensation  of  tlie  stars  near  the  central  plane,  and 
the  gndual  tliinnin^-oiit  on  each  side  of  it^&ru  only  designed 
to  bo  the  cxprcuion  of  the  general  or  average  di^trihtttion 
of  tlioee  bodies.  The  prabability  is  tltat  even  in  the  cenlral 
plane  tlie  stars  arc  many  times  as  thick  in  some  regions  as  in 
othcra,  and  that  as  we  leave  the  plane,  the  thinning-out  wonld 
be  fonnd  to  proceed  at  very  difforant  rates  in  different  re- 
gions. Tliat  there  may  be  a  gradual  thinning-out  cannot  be 
denied;  but  Struve'^  attempt  to  form  a  tahle  of  it  ia  ojien  to 
tlie  scrioiu  objection  that,  like  llenchcl,  ho  euppo&ed  tlie  di£ 
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ferencen  lietwecn  llie  mafjuitiides  of  the  Btara  to  urise  enlimly 
from  ihcir  diflcicnt  distaiicTS  from  ns.  AUIiowgli  where  Uia 
MMttei'ing  of  the  »lAn  U  ii«iirlv  uniform  thi«  »uppo«itton  raa; 
not  lend  iih  into  perioiifi  error,  tite  case  will  be  entirely  differ>| 
ent  wiicro  wo  liavo  lu  dcnl  n-itii  irregnlai-  rnaesee  of  stare,  and  < 
MIteuinllr  u-licro  our  iv1(Mco)je«  |>c-nctmte  to  tliu  boundary  of 
the  fltellar  »jf  tein.  In  the  laiter  ciLse  wo  eiinnot  possilily  diA- 
tiiignieli  between  Fttinll  Mare  lying  within  the  baiiodary  and 
larger  OTi«a  icHttert^d  uutsido  of  it.  mid  iiJtnivv'a  gradual  tliin- 
nin^-out  of  the  Man  may  he  entirely  accounted  for  by  great 
divoreities  in  tlie  abiioluto  briglitiicee  of  the  etans. 

Among  recent  reeearchot  on  this  «nbjoct,  thoM  of  Mr.  R. 
A.  Proc-lor  lu-e  entitled  to  t-onjiidenitiyn,  fi-om  heiiig  fonndcd 
on  facts  which  were  not  fully  known  or  understood  by  tlia 
investigators  whom  we  have  raouiionod.  The  Gtrougost  point 
which  he  makes  \i  that  all  v'wwt  of  the  nrmn^Min-nt  of  the 
stellar  eystoni  funiidcd  nputi  the  theory  llint  the  frtai^  are 
cither  of  siniilnr  intrinsic  brightnetw,  oi'  approaeh  an  eqnality 
of  diMribiition  in  different  i-egions.are  entirely  illusory.  lie 
cites  the  plicnomena  of  Btnr-drifl,  de»ci'ibed  in  tl»e  l&«t  chap- 
ter, n»  proving  thnt  »lan»  which  had  been  Hi]p|Kii»ed  widely 
arated  are  really  agglomerated  into  svsiemB;  ami  clairoa  that 
the  Milky  Way  may  be  a  colleetion  of  such  syatcins,  having 
nothing  like  the  extent  a*sigMcd  it  by  IIcr«cliel. 

How  far  the  oonBiderationa  bronght  forward  by  Mr.  Proc- 
tor should  nmko  iis  modify  the  views  of  the  subject  Intlierlo 
held,  cannot  be  determined  without  furtltcr  observations  on  the 
cln.Mering  of  stars  of  different  magnitudes.  We  may,  howev- 
er, safely  concede  that  there  is  a  greater  tendency  among 
»tar»  to  be  eollecled  into  gronpo  than  was  formerly  •»]>()> 
A  eiirimis  result  of  Mr.  J.  M.  Wilson,  of  Rugby,  England,  ro- 
B|)ecting  tlie  orbits  of  some  binary  stars,  throws  light  on  this 
tendency.  It  was  found  by  Struvo  that  although  the  great 
eunimoii  proi)er  motion  of  the  \imv  of  stars  fJl  Cygni,  uel^- 
hrated  for  the  determinations  of  their  ^taralUx,  was  sndi  as  to 
leave  no  reasonable  doubt  that  tliey  were  plivsically  connect- 
<k1,  yet  not  the  elighteat  deviation  in  their  courses,  arising 
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from  llieir  nintiml  nttmrtion,  cjonld  bu  detected.  Mr.  Wilson 
liufi  recvntly  con&'iiieJ  tliU  result  b^  an  cxaiiiinalioii  i>t'  llio 
wiiotu  veriest  of  meiuiireit  on  this  pair  from  1753  to  1S74, 
whicli  do  not  »1iuw  rlie  sltglircst  dwinrioii,  but  bociii  to  iiidi- 
CAtethat  each  star  of  the  pn'ir  is  Kotni;  on  itet  ciiiir^  iii(lR[M!n- 
dt-iillv  of  thu  olhcr.  But,  as  just  stated,' tliey  move  too  tienrly 
togetlier  1o  |)CTinit  of  the  belief  lliat  lliey  arc  ivally  iiidopoti- 
deiit.  The  only  cone:! iiaion  ojien  to  iis  i>>  l)iiil  cauh  nf  tiieiii  do- 
scribes  an  ttimieiieo  orbit  around  their  cuiiiiiion  ceiilrc  of  grav- 
ity, an  orbit  M'liiub  iiiny  be  several  tlegivett  in  a[>|itu'i!iit  diftin- 
eter,  and  in  wltiuh  tite  time  of  rcvolntion  is  eunnled  by  tlioii* 
Bands  of  years.  Two  tlionsntid  years  hence  tliey  will  be  so 
far  apart  that  no  connection  between  them  would  be  sus- 
peeted. 

It  ia  a  cinestion  whetJier  we  liave  not  oiiollier  instance  of 
the  same  kind  in  the  donble  otar  Castor,  or  a  Gutiiinortnn. 
Mr.  Wilson  ti»d»  the  orbit  of  tbi*  binary  to  be  apparently 
hyperbolic,  a  state  of  things  which  would  indicate  that  the 
two  stars  hud  iiu  pbyitieal  eonnectiun  whalovor,  but  that,  in 
pnnning  tJieir  coui^l-h  through  ttpaee,  tliey  ebanc-ed  to  coino 
to  close  tf^ther  that  they  were  broni^ht  for  a  while  within 
each  other's  sphere  of  atti'action.  If  this  t>o  tho  raise,  they 
will  gradually  separate  forever,  like  two  shipi^  tneuting  on  the 
ocean  and  ]>arting  again.  We  remark  that  the  conreo  of  cauh 
Btar  will  then  be  vei'v  different  from  what  it  would  have 
been  if  they  Imd  not  met.  Wo  cannot,  however,  accept  the 
hyperbolic  orbit  of  Mr.  Wil^n  as  an  established  faut,  because 
tiie  case  is  one  in  whidi  it  is  very  difficult  to  diBtingnith  bo- 
tweeii  a  large  and  elongated  elliptic  orbit  and  a  by|>erlwIio 
orbit.  The  common  pro[>cr  motion  of  the  two  objects  is  such 
as  to  lead  to  the  belief  that  tlioy  constitute  a  pair,  thu  conipo- 
oents  of  which  ircparalo  to  a  great  distance. 

Now,  tlie^e  discoveries  of  pairs  of  stars  moving  around  a 
common  centre  of  gravity,  in  orbits  of  immense  extent,  sug. 
gest  t]io  probability  tliat  tlicro  exist  in  the  heavens  great  num- 
bers of  ptui«,  vhuters,  and  systems  of  this  sort,  the  inembeni 
of  wliiob  ai-e  eo  widely  separated  that  (boy  have  never  bcvD 
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fiii&pecled  to  belong  togetlier,  and  tlie  widelj"  ecfttterpd  jn'ni'pa 
having  a  common  proper  motion  may  very  well  be  Bystenie  of 
ttiU  kind. 

§  8.  ProbahU  Arrangawnt  of  Oie  Vuihlt  Unitxrte. 

The  preceding  description  of  tbe  views  liold  by  Mreral 
t-nnicii*  iif  profound  tliinkers  and  olmt-rvcre  respevling  ibe 
arrangement  of  ilio  visible  universe  fnrnifihee  tin  example  of 
wliat  wo  may  cnll  tlic  cvoliilion  of  scicntitic  knowludge.     (>f 
no  one  of  tlio  great  men  wbom  we  have  mentioned  can  it  be 
BAid  that  bis  views  were  abeoliitely  and  nnqualiliedly  errone- 
ous, and  of  none  can  it  bo  Bitid  that  ho  reaebed  the  entire 
tnitb.     Tlieir  attein[>ts  to  Robe  ibo  mystery  which  tliey  MtWj 
before  titem  wei-e  like  those  of  a  f))>eetator  to  make  out  tbe  ex> 
act  Btnicturo  of  a  great  building  wbieli  lie  sees  at  a  distaucttj 
in  tlie  dim  twilight.     He  tirst  ;)ee«  tbnt  tJie  building  is  I'ciill/j 
there,  and  skett-Iiea  out  what  he  believes  to  be  it«  outlines.    Ai 
the  light  increases,  lio  finds  that  hi«  first  outline  bears  but  « 
rude  itrscrnbtnuee  to  wlml  now  seems  to  be  the  real  form,  and 
he  corrects  it  accordingly.     In  his  first  attempts  to  fill  In  tbe 
columns,  pilastoi's,  windo^vs,  and  doors,  be  mistakes  the  darker 
shades  between  the  columns  for  windows,  other  lighter  shad- 
ovra  for  doors,  and  the  pilastent  for  columns.    Notvrithstat>d- 
ttig  sucli  mistakes,  his  representAtion  is  to  a  certain  extent  eor* 
rect,  and  lie  will  seldom  fall  into  egregious  error.    The  6md-;j 
coseivo  improvements  in  his  sketeli,  from  the  firet  rongh  out- 
line to  the  finished  picture,  do  not  consist  In  effacing  at  each 
step  0%'erylliiiig  ho  has  done,  but  in  correcting  it,  and  filling  inp 
tlio  details. 

The  progress  of  our  knowledge  of  nature  is  generally  of  this 
character.  But  in  tbe  ease  now  before  us,  so  great  is  the  dis- 
tance, so  dim  the  light,  and  ho  slender  our  ideas  of  the  prind- 
ple*  on  which  tbe  vast  fabric  is  constructed,  that  wc  cannot 
pass  beyond  a  few  rongh  outlines.  Still  there  are  a  few  feat- 
ures which  we  van  describe  with  a  near  approach  to  certainty, 
and  others  i-esi>ecting  which,  though  our  knowledge  is  eoino- 
what  vague,  we  can  reach  a  greater  or  less  degree  of  pnHi»*l 
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bility.  We  mav  include  these  under  the  following  sevoD 
lioade : 

Ut.  Leiiving  th«  iiobulfe  out  of  contideralioti,  and  conliiiiiig 
onr»elveB  to  tlie  Btcllnr  system,  we  tiiay  eny,  with  moral  cer- 
tainty, tbst  the  grvat  iiiiu^  uf  the  8tsn  which  comiJuso  thia 
s^-stotii  are  spread  out  on  all  aides,  in  or  near  a  widely  extend- 
ed plane  pafising  through  the  Milky  Way.  In  otiier  words, 
tjio  largo  majoriiy  uf  tliu  slant  which  wc  can  fKQ  with  tho  tele- 
KO|>e  are  contained  in  a  »|ince  liaving  tlie  form  of  a  ix>iiud,flat 
diak,  llie  dianiotcr  of  which  is  eight  or  ten  times  its  thickueia. 
Tliis  was  clvai'Iy  seen  Iiy  Kant,  and  has  hvcn  cunlirmed  b; 
Ilerscliel  and  Sti-uve.  In  faiit,  it  forms  the  fimdatnental  haso 
of  the  Htnicliires  reared  by  these  several  invcatigntoiB,  When 
Kant  saw,  in  tliis  arrangciiiL-nt,  a  rcsemblnuco  to  tlie  solar 
syst^sni,  ill  which  the  [>lanur«  all  move  roiait]  near  ono  oontml 
]))ane,  he  wa»  correct,  no  far  as  he  went.  The  apace,  then,  in 
which  we  liud  must  of  the  stare  to  be  contained  is  bounded 
by  two  pai-allol  planes  forming  tho  upper  and  lower  enrfai-€s 
of  liio  disk  w«  have  dt«cri1*cd,  the  distanuu  apai1  of  tlit'so 
planes  l>eing  a  sinall  fraction  of  tlieir  extent  —  piobably  less 
thai)  an  eighth. 

2d.  Within  the  space  wo  have  doserilwd  the  stare  are  not 
•caltcrcd  unifonidy,  but  arc  for  the  nio:*!  part  collected  into 
irregular  cUiatcrs  or  masses,  witli  conipamtiTely  vacant  ejntceg 
between  them.  The^o  collections  have  generally  no  dotinita 
boundaries,  bnt  run  into  each  other  by  insensible  gradiitiona. 
The  number  of  stars  in  each  collection  may  range  from  two 
to  many  thousands ;  and  larger  masses  are  made  up  of  emallor 
ones  in  every  proportion,  tmicli  as  the  heavy  eloud«  on  a  eum- 
mer's  day  are  piled  upon  each  other. 

3d.  Our  sun,  with  its  attendant  planets,  is  situated  neai'  the 
centre  of  tlkC  s)i!ice  we  have  described,  io  tliat  wo  Bee  nearly 
the  same  nundtcr  of  fttara  in  any  two  opposite  quartera  of  the 
heavens. 

4tli.  Tho  six  or  seven  thousand  stars  aronod  ns,  wliicli  ans 
easily  seen  by  the  naked  eye,  are  saittercd  in  space  with  o 
near  spproacli  to  uniformity,  the  only  exception  being  local 
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oIneterB,  llie  component  Mare  of  which  are  few  in  number  ad^ 
pretty  wkk'ly  gupAmtcd.     Sucli  uru  tlio  Ftciudes,  Coma  Bcro-^ 
nii^uiid  jwrliitjM  tlic  ])riiiuipal  Mnm  of  many  other  cotistclla- 
tioiiH,  wtiicli  am  »o  widely  sefxirnted  that  wo  do  not  see  anjr 
connection  among;  thorn. 

&tli.  Tlic  di«k  wliidi  wc  liai'o  described  does  iiot  represent 
the  form  of  tlie  tttellnr  avsti-in,  but  oiilv  tlio  limits  witliiii 
vbidi  it  is  mostly  contained.  Tho  abeoncc  of  any  detiniio 
boundary,  either  To  star  ciiiS'tom  or  tlie  Btcllar  ftyeti-in,  and  Ibo 
nmnber  of  comjiaratti'dy  vacant  regions  here  and  Uierc  among 
the  clusters,  prevent  our  vsignin^  any  more  dofinito  form  (o 
the  i>}'ftt«ni  than  wc  coubl  iiKsign  to  n  cloud  of  du«t  Tlic  tbiii 
ami  u't^lely  extended  sjuice  in  wliicb  Ibe  stare  are  most  thickly 
cliistci-ed  may,  however,  be  called  the  galactic  region. 

6tli.  On  each  eidc  of  the  galactic  rc«aoti  the  stars  ant  moro 
evenly  and  thinly  scattered,  but  pmbahly  do  not  extend  ont  to 
a  distance  at  all  approadiin;;;  the  extent  of  the  jcalHclto  re^oii. 
If  they  do  extend  out  to  an  equal  distance,  thoy  arc  very  few 
in  number.  It  iis  liowcver,  im])o«eiblu  to  sot  any  delinite  bonn- 
dnrics,  not  only  from  our  ignorance  of  Ibo  exact  distance  of 
the  smallest  stars  we  can  see  in  the  t«le6co{)c,  bnt  bvcanse  llio 
density  of  tlio  stai-e  probably  dimiriislies  way  gmduully  as  wc 
go  ont  towards  the  boundary. 

Ttli.  On  each  side  of  tlie  galactic  and  stellar  region  wo  ha^o 
a  nebular  region,  in  which  wc  tind  few  or  no  stars,  but  va»t 
niimbci's  of  ncbnhe.  Tlie  m-biilie  diminish  greatly  in  num- 
ber afl  wc  approach  the  galactic  region,  only  a  very  few  being 
found  in  that  region. 

The  general  arrangement  of  tho  &tar»  and  nebnlie  ivbieli  wo 
have  described  is  seen  in  Fig.  Ill,  which  sliowe  what  Is  prob- 
ably the  general  !is|icct  of  a  section  of  tho  visible  nnivcreo  jjcr- 
pcndicular  to  the  Milky  Way.  In  the  central  part  of  llie  fig- 
ure wo  Iiave  the  galactic  i-egion,  in  which  the  stare  arc  mostly 
aggregated  in  largo  masses.  Of  the  urrangt'mcnt  of  tliow 
masses  nothing  certain  is  known;  tlicy  are,  tiicrefore,  put  in 
nearly  at  random.  Indeed,  it  is  still  an  undecided  qDestion 
whether  llie  aggregations  of  stars  wlnuli  niako  up  tho  Milky 


PROBABLE  ABRASOBMEHT  OF  THE  riStBlE  mnVRRSE.  493 

W»y  extend  all  tin;  wav  acroes  tlio  diftrnetPr  of  the  galatrtio 
region,  or  wlieClier  tliey  are  arranged  in  the  form  of  a  ring, 
vritli  out'  eiiii  and  liiit  tfiirrouiidiiig  Etftm  iit  tlio  centre  of  it. 
In  Ilie  latter  owe,  the  iniutsea  of  fttjirs  tiear  tlie  ociiiro  ft)ioiild 
Ixj  luM  etivnglj  marked.  Tliia  eoiitral  region  being  tliat  in 
wliieh  our  enrtli  is  ftiliiatcd,  this  nnecrtiiintj'  rcspooting  the 
deufiil^  of  8tai«  in  that  region  impliea  an  uncertainty-  whether 
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FM.  111.— Pmt»bl*  BrTMRami'UI  uribe  alnn  and  ■•vliiilr  rldlilg  wllb  tlis  tdwwqw     II 
tb*  C*Ux)'  Ih«  lUr*  Bra  uoC  (TDuljr  Kallftvil,  bui  t>rn  iiiiifliimcrnwd  luU  olmuni 

the  etars  visiblo  with  the  naked  cj'e  are  part  of  one  of  the 
niMwa  whidi  make  up  ttio  Galaxy,  or  whether  wo  ara  in  n 
comparatively  thin  region.  Altlioiigh  thia  (|nealion  ia  still 
unsolved,  it  ie  one  which  admits  of  an  answer  Ity  telcecopio 
reaearch.  When  we  described  Sir  Willinni  Hei'»chcrit  ar- 
rangemeiit  of  the  etars  in  concentric  spherce,  vre  ean*  that  in 
the  more  distant  epliorce  thu  stare  wore  vastly  more  det>ee 
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nroiind  tlic  gnladlo  belt  of  encli  fiphere  thitn  tliey  vrere  in 
other  parts  of  it.  To  answer  tlio  question  wlik-li  liaa  botn 
pruecDtcd,  wo  inii^t  compnru  the  densities  of  the  stars  ftt  t]>e 
ci renin fu I'd! ccfl  of  tlieeie  spheres  with  the  detiMtv  immediuely 
Riy>iiiKl  lis.  lu  otlier  words,  the  question  is,  Suppose  a  human 
beiuj;  uoidd  durt  out  in  tli«  direction  of  tlic  Milky  Way,  and 
pnm  through  soine  of  tlie  mii!i»e»  of  titni's  noui[)o»ing  it,  would 
he  find  tlicni  ihk-kcr  or  thiuner  than  thejr  ai-e  in  the  visihto 
heavens  ui-ound  u«} 

A  queatioii  still  left  oi>en  ia,  whether  nil  the  n^lestinl  objecM ' 
visililo  witli  tlie  telescope  aro  included  within  tlio  limits  of  the 
three  regions  vrc  have  ju#t  indicated,  or  whether  the  whole 
Gnlaxy,  with  everything  which  ie  inoltidcd  within  ii^  limits, . 
19  fiiinply  one  of  a  groat  ininihcr  of  widely  Bi^llered  etelhir 
sy&tcmE.     8inec  any  eoii»i deration  of  inrieibto  galaxios  and 
sy^teniii  would  be  entirely  idle,  the  qne&tion  iiiny  be  redti 
to  tlii»:  Are  the  most  dUlant  &tai'  ehister^  which  the  teloseop*^ 
allows  ns  Eittiated  witliin  the  limits  of  tlie  stellar  s}-steRi  or  far 
without  ihein,  a  great  vacant  space  intervening!     The  latter 
alternative  ifi  the  popular  one,  first  siiggesUid  by  Kant,  it  be- 
ing supposed  that  the  most  distant  nobulffi  constituted  otlier 
3Iilky  Ways  or  stellar  systems  as  extensive  as  unr  own. 

Alihongh  the  ]>o«ftibility  tJiat  this  view  is  correct  cannot  be' 
Icnicd,  yet  the  arrangement  of  the  star  ctustera  or  resolvable 
itcbntiu  tnilitalce  aguinst  it.     We  have  shown  that  the  tnajor- 
ily  of  the  lalter  lie  near  the  direction   of  the  plane  of  ibo 
^iilky  Way,  compai-atively  few  being  seen  near  tlie  perpen* 
dicidar  dii-cction.     Jtut  if  these  objects  were  oilier  galaxiee^j 
far  outside  of  tlie  one  which  snrroiuxlN  us,  they  would  b«  asi 
likely  to  lie  in  one  direction  as  in  anotlier,  and  the  probabil- 
ity against  the  great  mass  of  them  lying  in  one  plane  would 
be  very  great.      Tlic  most  probiiMo  conclusion,  therefore,  is 
tliat  tliey  constitute  part  of  our  stellar  system.    They  way,  in- 
deed, be  scattered  aronnd  or  outside  of  the  exiroine  limits  with- 
in which  single  slant  can  be  seen,  but  not  at  distances  so  great 
that  (hey  should  be  considered  as  separate  syslema.    T)»e  most 
probable  conclusion,  iu  the  present  state  of  our  kaowledgo^J 
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•wms  to  lie  thnt  tlio  eolieinc  Bhown  iti  Fig.  Ill  iiiultidee  the 
whole  visible  iitiiver^e. 

Tlio  (lifFuixiiiccA  of  opitiioii  wliidi  now  exiet  resjiecting;  tlie 
prolmble  arraiigBiiient  and  (1i:ii(ani;R  of  the  tX&n  nrific  iiiaiiilj* 
from  our  uncertainly  us  to  wliat  is  the  probable  rau^c  of  nl>- 
Aolate  magnituJe  uf  Ilio  »tiii«,  ft  enbj«ct  to  whiuli  we  Iikw  h1- 
readj  ee^'Oral  times  alliideii.  Tlio  (liauovci-y  of  tlio  [mrallftx 
of  MTCntl  Hiars  lias  enabled  ns  not  only  to  form  »oinc*  idt-a  uf 
tlii&  question  by  compsriiij;  llio  brilliancy  of  these  stars  with 
their  known  diHtanci^.  but  it  \\>xi  vnKblod  ns  to  answer  tlio  iu- 
tei-e«ting  <]iic«tiun.  How  does  our  huu  i^otnpftre  with  tJiiw;  etjir» 
in  brightness  f  The  curions  resnlt  of  this  incinii-y  is,  tlmt  our 
tun  is  really  a  etar  Ivm  than  tlic  average,  which  wonid  iiiod- 
eetly  twinkle  among  the  emalh^r  of  its  fellou's  if  roinovfd 
to  the  distance  from  ns  at  which  they  are  placed.  Zi'illner 
found,  by  coinparin'*  the  lt;^ht  of  the  enn  with  thnt  of  Cajiella, 
or  a  Auriga-,  tliul  it  would  have  to  be  i-cniuved  to  23li,no0 
times  its  present  distance  to  appear  equally  hrij^ht  with  thnt 
star,  which  we  may  taVo  as  an  average  star  of  tlie  firet  inagni- 
tnde,  Bnl  the  giL-att-r  number  of  ihe  stara  of  tliis  magnitude 
arc  situated  at  four  or  tive  times  (hia  dii^bincc;  so  that  if  onr 
sun  wcr«  ))|ii<-cd  at  their  avei-agc  disilnnce,  it  would  probnblr 
not  cxeeed  the  third  or  fourth  mngnitiide.  Still,  it  would  by 
no  invaiiB  belong  among  the  Fnialle^t  tX»\%  of  all,  bccaneo  vm 
do  find  stai*  with  a  lueniturnble  paniilax  which  ai-o  only  of 
the  fiftli,i<ixrli,  or  even  the  »evcuth  ma^itude.  Altogether,  it 
appears  thnt  the  range  of  absolute  brillianey  among  the  stan 
extends  thrungh  eight  or  ten  mngniludes,  and  that  ihe  htrgcM 
oue&  emit  several  tlionsnnd  times  as  much  light  as  the  smalU 
eat  It  is  this  range  of  magnitude  whicli  really  forms  t)ie 
greatest  obstacle  in  the  way  of  determining  tltc  armngeuiciit 
of  the  stara  in  Apace. 

§  4.  /fe  the  Stars  it»/h//orm  a  Si/stemf 

We  have  dei<cribed  llic  sublime  ideas  uf  Kant  and  Lam- 
bert, who,  seeing  the  bodies  of  our  solar  system  tilted  to  go 
tUruugh  their  revolutions  without  pennauenc  change  during 
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ftn  iodeGniM  period  of  time,  reacoiwd  br  anilog^  thftt  (be 
■telUr  univene  wu  con&trncted  on  lite  mme  general  pUn. 
uriti  llint  each  tlu-  liw)  iu  sppoititcd  orliit,  round  whicli  it 
would  run  its  couree  during  cttdleee  «gce.  Tlits  epoculatioa 
WW  uot  followed  ui>  \>y  Ilencliel  uk)  Strove,  wlio,  proecodiag 
oo  a  more  slric-tlv  et-ieotitic  ]ilaii,  found  it  neccMar^  to  lemni 
bov  the  elans  arc  now  »iltiati-il  Leforv  attetn|)(ii^  to  decide 
ID  wluit  kinds  of  orbit*  tliev  arc  moring.  In  the  abecnve  of 
exact  knowledf^  respecting  the  slnivtnrc  and  extent  uf  t)u> 
Alellar  syetem,  it  is  iin|to66iUlc  to  uy  with  cerlaiuty  what  will 
bo  the  elate  of  that  ftmcin  after  t)ic  lapse  of  tLv  millions  of 
jrean  wliicli  would  l>e  iieveiriMrv  for  tl>e  stars  to  )>orfonii  a 
rcTolntion  around  one  centre.  Butf  as  in  describing  the  con- 
stilntiou  of  the  Cellar  »}«tcni,  wo  fuund  certain  fi-atnree  on 
which  we  could  pronounoe  with  a  hi^li  de-nve  of  ]irobability. 
to,  in  reapect  to  the  motione  and  orbits  of  the  6tar&,  tliere  are 
come  pmpositiuiis  which  wc  inay  eu&taiii  with  a  near  ajiprgacb 
to  certainty. 

ijuUfHiiij  of  the  &/ilem. — We  may  Bret  iu«ert,  with  a  high  de- 
gree of  probability,  that  tlw  etare  do  not  form  a  Mablc  i^viteni 
in  the  mrmi  in  which  we  say  that  tbe  eolar  syBtcm  is  stable. 
By  a  stable  syfitem  we  incan  oite  in  wliidi  cadt  8lar  moves 
round  and  round  in  ati  unclianging  orbil,  even-  revolution 
bringing  it  back  to  it«  starting-point,  so  that  the  system  as  a 
whole  shall  retain  tlic  same  general  fonn,  dimensions,  and 
arratigenient  during  innumerable  revolutioiia  of  tlio  budicA 
which  comiioec  it.  It  is  almost  necessary  to  tlio  cxtstenee  of 
luch  a  system  that  it  have  a  great  central  body,  tlio  mass  of 
which  sliould  be  at  leoiit  vastly  greater  tliaii  that  of  the  indl* 
vidnul  bodies  which  rerolvo  aronnd  it.  At  least,  snch  n  cen- 
tral body  could  be  dispensed  with  only  by  tlie  Gc])anite  stais 
having  a  regularity  of  motion  nnd  nrmngeincnt  which  cc^ 
tainly  does  not  exist  in  the  Btollar  s;t-stem  as  n-e  actually  lee 
it.  Tlie  iiuestion,  tlien,  reduces  itself  to  this:  Are  tliero  any 
immense  nltructing  centre*  around  which  tho  separate  collcc- 
litns  of  alara  revoUe ;  or  is  tliere  any  centre  around  which  all 
tho  stars  which  compose  tho  visible  nuiverec  revolve  {    In  all 
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human  prt^abilitv,  ttic«fi  (]UC*tioi»  must  be  siiitwDrod  in  \\\a 
negiktive.  Alt  analogy  leada  na  to  believe  that  if  tJicro  woro 
any  Rnch  oentral  maasee,  tbey  would  bo  not  only  larger  tbaa 
t])e  other  tXan,  but  briglilvr  in  a  yet  greater  proportion.  It 
a,  of  coiirec,  powible  to  ciinceive  of  immense  dnrlc  bodic«, 
such  as  l^ambert  supposed  to  exist,  bnt  wo  cannot  but  believe 
tho  existeucD  uf  such  bodico  to  bo  very  improbable.  Al- 
tliuiigh  there  h,  ns  wc  have  »een,  f^reat  divcnity  itnioni;  tJto 
Stan  in  respect  to  their  magnitndes,  there  arc  nono  of  them 
which  seem  to  havo  that  eommandin:;  prvvinitiunco  above 
titoir  fcllou-x  which  the  sun  pre^enLs  above  the  planets  which 
surround  him. 

Bnt  the  most  concbisive  proof  thnt  the  Han  do  not  revolve 
ronnd  detinicc  nttrscting  centres  is  found  in  the  variety  and 
irr^ilarity  of  their  pm^ier  motions,  whicli  wo  have  already 
de8cril)ed.  We  havo  etiown  (1)  tJiat  when  tho  motions  of 
great  numbers  of  etar«  arc  averaged,  there  is  found  a  general 
prc{>onderanee  of  motions  from  the  constellation  Ucrcuica, 
which  is  supposed  to  be  due  to  a  motion  of  our  snn  with  hia 
attendant  planclH  in  tliat  direction  ;  and  (S)  that  when  the 
tnotione  of  H&n  in  the  »ame  repon  are  compared,  there  U 
oftcii  found  to  be  a  certain  resemblance  among  llieni.  Etut 
tliifi  tendency  towards  a  regnlar  law  alTects  only  large  niasseA 
of  fitarE,  and  due«  not  iin]ily  any  »uch  regularity  in  tho  tno- 
tiom  of  individual  Hiars  a»  would  bo  apparent  if  they  moved 
in  regular  circular  orliits,  as  the  planets  more  round  the  t^un. 
Tho  motion  of  each  individual  etar  is  generally  so  entirely 
diScrcnt  from  that  of  it«  fellows  as  »eemingly  to  prixOude  nil 
reasonable  probability  that  theiw  bodies  are  revolving  in  defi- 
nite orbits  around  great  centres  of  attraction. 

Tlio  most  extraoi-dinary  instances  of  tho  irregularities  of 
which  wo  speak  arc  found  in  the  stars  of  unn^ually  rapid 
proper  motion,  which  are  moving  forward  at  such  a  rate  that 
tho  gravitation  of  all  tho  knon'n  etant  cannot  slop  thcui  until 
tliey  shall  havo  pai»ed  through  and  beyond  the  visible  imi- 
i^erw.  The  moat  remarkable  of  these,  so  far  as  wo  know,  is 
Oroombridge  1!>30,  it  having  thu  largest  apparent  pi-oper  mo- 
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tion  of  any  known  fititr.  The  mcwt  otreful  dctcnnfnations  of 
its  parallax  seem  to  sliow  tliat  iu  distance  is  so  inimense  that 
t]ie  parallax  is  only  about  n  t«iitb  of  a  Eccoud ;  tliat  is,  a  line 
drawn  from  the  %\\n  to  the  earth  would  »nbtend  an  anglo  of 
only  A  tenth  of  a  second  when  viewed  from  tliis  star.  Mai 
llio  apparent  motion  of  tho  Hlar,  ait  we  actually  fee  it,  is  more 
ttutn  Boven  eeoonda  per  nnnnin,  or  seventy  times  its  parallftx. 
It  follows  that  tltc  Blai-  moves  over  a  space  of  more  tJian  wr- 
enty  times  the  distance  uf  tho  sun  fruni  us  in  tlie  space  of  a 
year.  If,  as  \t  likely,  the  motion  of  the  i^tar  i#  oblitjuo  to  tlie 
line  in  wliich  we  see  it,  its  actnal  velocity  iiiiist  be  yet  grcfttor. 
Leaving  tliis  out  of  account,  wo  see  that  the  star  wootd  pass 
from  the  earth  to  the  sun  in  about  five  days,  ho  that  its  veloci- 
ty probably  exceeds  two  hundred  miles  per  second. 

To  uiidcrelaiid  what  this  onormous  velocity  may  imply,  we 
must  advert  to  the  tbeoronk  of  gravitational  a»tronoiny  tliat 
the  velocity  which  a  body  cun  acquire  by  falling  ton'ards  an 
attiacting  centre  is,  at  each  [wint  of  its  patli,  limited.  For  ex- 
ample, a  body  falling  from  nu  inliuito  distance  tu  the  enitli's 
surface,  and  aet49d  on  by  tho  attraction  of  the  earth  alone,  would 
ac^iuirc  a  velocity  of  only  about  seven  miles  [>er  second.  Viee 
wrfm,a.  body  projected  from  the  earth  with  tliis  velocity  wonid 
never  bo  stopped  by  the  earth's  attraction  alone,  but  wonid 
do«cribc  an  elliptic  orbit  round  the  sun.  If  tlie  velocity  ex- 
ceeded twenty-seven  miles  |>er  second,  tho  attraction  of  tlie  sum 
himself  could  never  stop  it,  and  it  would  wander  forever 
througli  the  stellar  spaces.  The  gi-eater  ttie  distance  fi-om  the 
»un  at  which  llie  body  is  started,  tho  less  the  velocity  whidi 
will  thus  cany  it  forever  away  from  tliti  »iin.  At  the  orbit  of 
Uranus  the  rcquii-ed  velocity  would  be  only  six  miles  |»cr  see- 
snd ;  at  Xeptnne,  it  would  be  less  tban  five  miles  per  seooud ; 
half-way  between  tlie  sun  and  a  Centaur!,  it  would  be  a  mile 
in  twelve  seconds,  or  a  fourth  (ho  speed  of  a  cannon-ball.  U 
we  knew  the  ma.ise.'*  of  each  of  the  stars,  and  tlieir  nrrango- 
mcnt  in  space,  it  woidd  bo  easy  to  compute  this  limiting  ve- 
locity for  n  body  fulling  from  an  iiifiniie  distance  to  any  point 
of  the  stellar  svetem.     if  tlie  motion  of  a  star  were  found  lo 
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exceed  this  limit,  it  v,-oiild  show  tliat  tho  stnr  did  not  boloug 
to  the  visible  universe  at  nil,  but  van  only  a  vtaitor  Dying 
oo  a  course  through  intinite  spaco  at  giicU  n  rate  tlint  tlio 
combined  attriictioii  of  ull  tho  etars  cotild  novor  etop  it. 

I^ot  UH  now  SCO  how  tlic  cn.4e  tnay  stiitid  witli  onr  flying  star, 
and  what  relation  ita  ^'elocity  may  beai-  to  tlie  pi-obable  altiav- 
ttoa  of  all  the  eture  which  oxi^t  within  tho  range  of  th«  tel- 
escope. Tho  number  of  ^Inra  nctimlly  visible  with  the  mo«t 
powerful  telraco[>ef»  probably  falk  fthorC  of  fifty  millions:  but, 
to  take  a  probable  uutsido  limit,  we  §haU  stip]>oge  that  within 
(ho  regions  occupied  by  the  farthest  ^lai-s  which  lliu  tele#uupu 
will  8how,  there  are  lifty  millions  more,  ho  small  that  we  caiinul 
see  tbcm,  making  one  hundred  milltuns  in  all.  Wc  ehall  nleo 
suppose  tliat  these  stars  have,  on  tho  average,  five  tiine^  tho 
ma»3  of  the  «un,  and  that  they  are  spread  out  in  a  layer  acroM 
the  diameter  of  which  light  would  roiinire  thirty  thousand  yt-ars 
to  pass.  Then,  a  inathumstieal  eumpntation  of  the  nttravtive 
power  exerted  by  snch  a  system  of  musses  ahowa  that  a  body 
falling  from  an  intinite  distance  to  the  centre  of  the  system 
would  aequin^  a  velocity  of  twenty -tivo  niilv«  per  second. 
Vice  vena,  a  body  projected  from  the  centre  of  such  a  system 
with  a  velocity  of  more  tliaii  twenty-live  miles  [>er  second  in 
any  direction  whatever  would  not  only  pesfl  entirely  through 
it,  but  would  lly  off  into  intlnito  space,  never  to  return.  If  the 
body  were  anywhere  elae  than  in  the  ooiitre  of  tho  system,  the 
velocity  necessary  to  carry  it  away  woulil  bo  leas  than  tlio 
limit  just  given.  But  this  cnlcniatcd  limit  is  only  one-eighth 
the  probable  velocity  of  1S30  Groombridgc.  TJie  force  re- 
quired to  imprL't*  a  given  velocity  on  a  body  falling  throngli 
auy  distance  is  proportional  to  the  square  of  the  velocity,  fouc 
times  the  forue  being  requii'od  to  give  double  the  velocity,  nine 
times  to  increase  it  threefold,  and  so  on.  To  give  eight  times 
tho  velocity  would  reqiiii-e  sixty-four  times  t)ie  ntrntcting  maw. 
If,  then,  the  star  in  queation  belongs  to  our  stellar  system,  the 
masses  or  extent  of  that  system  must  ho  many  times  gi'eatcr 
ttian  telescopic!  obser^aliou  and  astronomical  iiesearrh  indicate. 
We  may  place  the  dilemma  iu  a  concise  form,  as  foUowa: 
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Kithor  the  bodies  which  coinpoiie  our  unii>'«TW!  ure  ^■(l«tly 
more  niaasive  anil  utiineroiie  than  teleeco]»c  exnminutioit 
SMms  to  Indivftto,  or  1830  Groornbridgo  is  a  runaway  star, 
Hy'uif;  vu  u  boutidlesA  cotiree  tlii-oucit  infinite  8]woc  wiUi  sadli 
nioiiientitm  llmt  tlio  attraction  uf  all  the  bodiee  o£tlie  Qiiivem 
cau  never  etop  it. 

Wliidi  of  these  U  the  irioi-e  pi-obnhlo  ultcrnativc  wo  citimot  i 
pretend  to  sa^.  That  tlic  etar  can  neiiher  l>e  siopjied,  nor  bent 
far  from  its  voureo  until  it  has  pueeod  tlio  eNti-vmo  limit  to 
which  the  Iele»<;o|te  liaa  ever  jienetntted,  wo  tiiay  ooiMdor 
reasonably'  certain.  To  do  this  will  recinii-e  two  or  three  mill* 
iona  of  yoars.  Whether  it  will  tliim  bo  netod  wi  by  attractive 
force*  of  which  flcionce  liat^  no  knowlcd^\  and  thii«  carried 
back  to  where  it  started,  or  whother  it  will  contiuuo  Blraiglit 
forward  forever,  it  is  inipus»iblo  to  «ay. 

Miieh  tho  Mine  dilemma  may  be  applied  lo  tlio  past  litstoiy 
of  tiiis  body.  If  tlic  velocity  of  two  huridrc<d  iiiilce  or  more 
per  second  with  which  it  is  moving  exceeds  any  that  ooiild  bo 
produced  by  the  attraction  of  all  the  other  bodies  in  the  ani- 
veree,  then  it  must  have  been  Hying  forward  through  space 
from  the  beginning,  and,  having  come  from  an  inSuilo  dift- 
tanee,  mnat  be  now  passing  through  onr  system  for  tho  iint 
and  only  time. 

It  may  bo  a«kcd  whotlior,  in  Lambci't's  hypotliefiia  of  im- 
menAe  aitrnctin^  limlios  iiuigiiblc  on  account  of  llieir  hi'in'; 
dark,  we  have  not  at  onco  the  oentros  i«<{uired  to  give  general 
stability  to  the  «tellar  >>yMtem,  and  to  keep  tlio  star  of  whi<.^ 
wo  have  s|K>ken  in  snnie  regular  orbit.  We  annwcr,  no.  To 
secure  sudi  etHbiltty,s)ar«  otjunlly  distant  from  tho  attracting 
centroii  inn»t  mo\'e  with  nearly  tho  same  velocity.  An  at- 
tracting centre  enfliciently  powerfid  to  bring  a  body  moving 
two  hmidi'cd  miles  per  socond  into  a  regular  orbit  would 
draw  most  of  the  other  stan  moving  witli  email  velocities  into 
its  immediate  neighborhoud,  and  ihns  subvert  tlio  Rj-s.tem.  W« 
thus  meet  the  dimblo  dtilieulty  that  wo  have  goud  reason  tii 
donbt  the  existence  of  these  opaque,  dark  bodios,  and  tlist  if 
they  did  exist,  they  would  not  fulfil  our  requirement!. 
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TIio  ^nornl  rt«iilt  of  our  ininiry  i*  tlint  ilio  «t«llar  iini- 
rei^e  does  n(4  ficciii  to  possess  tliat  fonii  uf  uti  varying  ulabil- 
itU  wliicli  we  sou  in  tlie  solar  svetom,  and  that  the  &lars  move 
Jn  irregular  voiii'«v#  dcpuntliDg  on  tlicir  eituultuii  in  rotpoct 
to  tlie  enrronnding  Btara,  Kiid  probably  cluuigiug  as  lhi«  ailiin- 
tioit  cliaiigf%.  If  thcro  woio  no  motion  at  all  ainon^  the  Rial's, 
Uiey  would  all  full  to  •  c-ominou  centre,  luid  iniivcfvul  niiii 
wonid  be  the  reauU.  But  the  motions  which  we  nctimlly  see 
are  ftufligiont  to  prevent  ttii«  catastrophe,  by  eupplying  each 
Btar  Willi  a  reserve  of  force  whidi  will  geneiMlly  keep  it  from 
actual  collision  willi  it«  neigliliors.  If,  then,  any  one  »tar 
does  fall  towards  any  attracting  cunliti,  iho  velocity  whidi  it 
aeqniru  by  tht«  full  will  carry  it  away  ni^in  in  Gotno  other 
diteclion,  and  thns  it  may  keep  np  a  continuous  dance,  nncler 
the  influence  of  ever-varying  forces,  as  long  as  the  nnivcive 
dtall  exist  under  its  pi-oeont  form. 

To  l]io#c  vvlio  have  been  cni-nptni-ed  wilh  the  siiblitne  specu- 
lations of  Kant  and  I^mliort,  this  may  seem  im  iniitatiiifavtory 
conclusion;  while  to  those  who  loolc  upon  the  nmterial  uni- 
veree  as  something  made  to  last  forever,  it  may  seem  improba* 
ble.  Hut  when  wo  consider  the  immun^e  pLTicids  which  would 
bo  required  for  the  mutual  gravitation  of  the  tisra  l-j  effect 
wiy  great  change  in  the  stellar  syplem,  we  may  he  led  to  alter 
Bncb  views  as  thefte.  We  have  shuwa  that  tens  of  thousands 
of  yean  would  bo  rccjuirod  to  make  any  great  change  in  tlio 
arrangement  of  the  Ktars  which  we  see  with  the  naked  eye. 
The  time  recinired  for  nil  the  ntars  visible  wltli  the  tc]eaco|>e 
to  fall  together  by  tlicir  own  atti-action  is  to  bo  counted  by 
millions  of  ycai-s.  If  the  univci-sc  hud  existed  in  its  present 
state  from  eternity,  nnd  were  to  exist  forever,  the  iiumeiu^ily 
of  these  periods  would  not  be  at  all  to  the  point,  because  a 
million  uf  yeai-s  is  no  more  a  part  of  otcitiity  than  &  nng\e 
day.  But  all  modem  ncicnce  seems  to  point  to  the  lini;o 
duration  of  onr  system  iti  its  present  form,  and  to  eairy  ns 
bade  to  the  limo  when  neither  sun  nor  pinnet  existed,  i<avc  m 
a  mass  of  glowing  gas.  How  fur  bnck  that  was,  it  cannot  tell 
UB  with  certainty;  it  can  only  say  tltat  the  period  is  eonutod 
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hy  ulitlions  of  yeftnt,  bnt  probably  not  by  hundred*  of  milV 
was.  It  also  pointe  forward  to  the  time  vhen  the  sao  and 
Mara  eliall  fade  away,  and  itaturc  shall  bo  ensbroiidvd  in  Aitk- 
ncH  uid  dcatli,  anloi  aonio  \x>v:eT  now  nnbet^ti  iJiitll  uphold 
or  restore  Iter.  The  time  required  for  this  cata&trophe  cannot 
lie  c8lcnlat«d ;  bnt  it  is  probably  not  so  groat  tliat  the  stellar 
Hj-ftiTii  can,  in  llie  meati  tintc,  bo  subverted  by  the  mutual 
gravitation  of  its  members. 

It  would  ihiis  ajipcnr  as  if  thoco  iiii-ely  arranged  adjii6t- 
iiieiit*  which  acciirc  Mabilily  and  uniformity  of  tiiottoii  aro 
not  found  where  they  ore  not  neceeaarr  to  secure  tl>e  eystein 
from  subversion  during  the  time  it  is  to  la^t,  much  as  tin 
wheel  of  ail  engine  which  i»  to  make  bnt  twu  or  three  rcn 
Iiitions  while  tlie  engine  endures  need  not  be  adjusted 
make  thoueandii  of  revolutions.  The  bodies  which  form  our 
sohir  »}-»tcm  are,  on  the  other  liand,  like  wheels  whiuh  haw 
to  make  millions  of  revolutions  bcfoi-e  they  t^top.  Unh!C9  thert' 
i»  u  constant  balance  Itetween  the  oppo&ing  forces  under  tho 
infltience  of  which  Ihey  move,  there  nuiet  l)e  a  difarniugemeiKj 
of  the  movement  lon^  before  iho  cn^^no  wears  out.  Tims 
although  tlie  present  arrangement  of  the  stars  may  be  studie 
without  any  rofcrenci:  to  thoir  origin,  yot,  when  we  seek 
|ienctrate  the  laws  of  their  nioliou,  and  fureaee  the  chan 
of  state  to  which  their  motions  may  give  rise,  we  are  bixiiigitt 
to  (wAi  the  fjiiestion  of  their  dumtion,  and  h«iioc  of  their  b» 
ginning  and  end. 
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CHAPTER  IIL 


TIIK     OOflltOGUKY. 

The  idea  tJiat  tlie  world  has  not  oudiired  fomvcr  tn  the 
furin  in  vhicli  we  now  see  it,  bnt  tliat  tliei-c  was  a  time  when 
it  cither  did  not  exist  nl  aU,  or  vxUlvd  only  ns  a  moss  "  witli- 
ont  form,  and  void."  is  one  wliich  we  find  to  have  lieeii  ftlwavs 
licid  by  mankind.  The  "t-haoB"  of  the  Groeks — tlio  riidc  and 
furmleM  niutcriab,  subject  to  no  law,  out  of  which  all  things 
were  formed  by  the  ci«ative  power — corresponds  in  a  striking 
manner  to  Uie  ncbnlous  nioescs  of  niodurn  aetrononiy.  Thcso 
old  ideas  of  ctinos  were  cvpre^ed  by  Milton  in  tlie  eei^nid 
book  of  ''Paradise  r.>oHt,"  before  such  a  thinj^  an  a  nebula 
lid  lie  said  to  be  known,  and  ho  would  bo  a  bold  aatruiio- 
^er  who,  in  giving  a  description  of  the  primoval  tiebiiloui 
oiaee,  wonid  attempt  to  improve  on  the  great  jwet; 

llllmiubic  onuin,  witliaul  bound, 

Vriilioiic  (limoiulon,  wbcro  longili,  lirahjlh.  nnd  height, 

Anil  tinw  nnd  7I11M,  ara  Imt :  wliotc  ridcat  Night 

And  Cliflo*,  nncMtoni  of  Natur*,  hold 

Eiemftl  knMrrhjr  aiiiiil«t  tha  noim 

or  endleM  wtn,  and  hy  conCuKiiiii  »uind ; 

For  hot,  cold,  molK,  nnd  dry,  fmir  rhnmiilnn*  Hcroc, 

8iri>a  here  fur  mnMixy,  niiJ  w  baitlo  biinu 

Their  emhryou  ntiiing. 

•  ■>•••• 

Chiuii  umiilrB  tlu. 
And  l>y  ilwi-ioii  inorc  cmhinil*  iho  fniy 
By  nbii'h  ho  rtiun*  ■  11°"'  him,  hiith  aiblior, 
Cliacicn  K4Vt<iitii  nil.     Into  this  wild  abyn 
TIiD  wumb  «f  Nniure,  anJ  jwrtiap*  hor  uravv, 
Of  nelthtr  tM,  nor  Khurv,  tmr  nir,  nor  Are, 
Bnl  ftll  ibsH  in  (heir  praKiinni  ntiiacct  mixod 
OonroMdly,  nnd  wtilcU  thiu  miut  cvct  flglit. 


S04  TUe  STSLLAH  VXtVSRSB. 

UbIom  tba  Blmiclitjr  Maker  ihem  onlain 
flit  dark  mkUriaU  to  crenlv  more  KotU*— 
•  *••■* 

Some  iiimnlluoiu  duud 
Inilinct  yn\h  fire  luid  nitre." 


If  WO  claisifj  men's  ideas  of  tlie  cosmogony  nocordiiif;  to 
titc  data  on  wliicli  they  aro  fontitlL'i],  wo  eliall  find  them  divi^ 
iblc  into  tlirvo  <.-Iiifi(H:&  T)iu  lir»t  cliws  compriscc  tliow  foniifd 
bcfoi-c  tbo  diicover}'  of  tlie  clieory  of  gmviinlion,  iind  vrbiuli, 
for  lliis  i-oason,  liowotor  torroft  tliev  might  hai*e  lieeii.  had  no 
rt-aUyeciciililic  foundation.  Tho  Huoond  itrc  llioeu  funndt'd  on 
ttio  doctrine  of  graviUlion,  but  wiiliont  a  knowkdf^  of  llio 
moJcrn  theoi-y  of  the  conservation  of  foi-ce;  while  lltc  Uiird 
arc  foiindvd  on  this  tlivory.  It  iiniEt  not  Ui  eiipposcJ,  how- 
ever, that  the  ideas  of  tho  Init' mentioned  class  arc  aiitn^nistic 
to  tliose  of  the  otiier  clasecn.  Kuiit  and  I^place  foimdfid  llu) 
Dcbnlar  hyjKitliesia  on  the  theory  of  gravitation  ajonc,  tho  oor>- 
senation  of  force  being  then  entirely  unknown.  It  was,  titers* 
fore,  incomplete  as  it  eaine  from  their  hand«,  but  not  naoea- 
Bnrily  erroneous  in  its  finidaniontnl  concept i^nift. 

Tho  eoneideratton  of  the  ancient  ideas  of  tlie  origin  of  ttis 
world  bcluiig«  rather  to  the  liiHtory  of  |ihIlu«o)iliy  ihua  to 
tronwny.  for  the  reason  that  Ihey  were  <if  necuf«ily  pure); 
speoulalive,  and  reQected  rather  tho  mode  of  thought  of  tho 
niiiidi^  in  wliicii  tlioy  originated  thail  any  delinite  srsteni  r^ 
invoaii^itting  the  ojieratioTis  of  natnre.     Hie  Ilindon  concep- 
tion of  Brahma  eitting  in  meditation  on  a  lotii&-Ieaf  Ibroti^ 
lung  iigee,  and  then  producing  a  golden  egg  as  large  as  tliD 
iinivei-!*e,  out  of  which  the  latter  was  slowly  evolved,  is  uot 
founded  on  oven  the  erndott  observation,  but  is  purely  a  rcault 
of  the  Hpi-ciilativo  tendency  uf  the  Hindoo  mind.     The  ■fcvhi 
i»h  coflniogony  is  the  expression  of  the  nionothci^tie  viows  of 
tliat  people,  and  of  the  identity  of  tliclr  tutelary  divinity  with 
tbo  maker  of  bcuvcn  and  uartli.     Ilippnrchiis  and  Ptolemyi 
showed  the  ecicntific  turn  of  their  minds  by  confining  them-^ 
Bekee  to  tlie  examination  of  tlio  nnivereo  ns  it  is,  without  mik* 
iog  any  i.'ain  effort  to  tracu  its  origin. 
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Tlioogh  the  STStcrns  to  which  we  refer  are  essentially  un- 
ecJeutific,  it  iniiKt  nut  be  Eiijjposcd  Lliat  tlivy  woro  all  vrroiio- 
o\u  ill  tJieir  results,  or  thnt  ihey  belong  oxcliisively  to  nncieiit 
titatt.  TtiiiB,  the  views  of  Swedenhorg,  tlioagh  they  belong 
to  the  class  in  qiicetlOD,  arc  remarkably  iu  aoeoi-danco  with 
reccut  \iAswi  of  tlie  ciibjevt  n«  regards  tlie  actual  chan^  which 
took  plac«  daring  the  formatioa  of  the  [ilancta.  A  great  deal 
of  what  is  wi-itten  on  the  Bubjcct  at  pi-ceeut  is  to  be  included 
in  tht«  (tone  aiiciunt  clan,  at  bcin^  the  production  of  men  who 
are  not  inatlicinatteians  or  working  a«>tronoi»er»,  and  wlto, 
tlierefore,  cannot  judge  whether  their  views  arc  in  accordance 
with  mouhaiiical  laws  and  witli  the  fact«  of  observation.  Pasa- 
jng  over  all  »)>cciilutioii  of  this  sort,  no  mutter  when  or  by 
whom  pi-oducod,  we  &1ia1I  consider  in  hifltoricn!  oi'der  the  works 
of  those  who  hsvo  autnally  contributed  to  placing  tlic  kwe  of 
cosmogony  on  a  soieiilitie  foundation. 

%  1.  7%e  Modern  Xtbular  Hf/poOttats. 

From  a  purely  soionlilic  jioirit  of  view,  Kaut  lias  probably 
tliO  boit  right  to  be  regarded  ati  the  founder  of  tlie  nebular 
hypotliesifi,  becausu  he  baticd  It  on  an  examination  of  the  acitnal 
features  of  tlio  solar  system,  and  on  the  ^eutonian  doctrine 
of  the  mutual  {;rMvil,itIon  of  all  matter.  His  i^sdoniiig  is 
briefly  tliis:  Examining  the  »olar  ayotem,  we  find  two  remark- 
able features  presented  to  our  consideration.  One  is  that  six 
planets  and  nine  satellites  (ttio  entire  ninnber  then  known) 
tnovt;  around  the  eun  in  circles,  not  only  in  the  ftnme  diitrction 
in  which  the  snu  himself  revolree  on  his  axis,  but  very  nearly 
in  tlio  same  piano.  This  common  featni'c  of  tho  motion  of 
so  many  boilicH  conid  not,  by  any  reas(mnble  possibility,  have 
l)c«n  a  result  of  chance;  we  ai-e,  tlierefoi-e, forced  to  l)Olicre 
that  it  must  bo  the  result  of  some  common  cause  originally 
acting  on  all  the  planets. 

On  llio  other  hand,  when  we  consider  the  spaces  in  which 
tlio  planets  move,  wo  lind  thorn  entirely  void,  or  as  good  as 
void;  for  if  tWr«  is  any  niiilter  in  them, it  is  so  rare  as  to  be 
wittiont  effect  on  the  planetary  moUons.     There  is,  therefon^ 
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no  material  connection  now  existing  between  the  ptaneb' 
ltiroii<;ii  wliidi  ihey  lui^^Iil  liavti  licc-ti  furcud  tu  lake  up  a.  voin- 
tuon  direction  of  motion.  How,  ilien,  are  wo  to  reconcile  lliti 
common  motion  with  the  absence  of  all  material  vonneutionl 
The  n)06t  natural  way  ie  to  8ii)ipo6o  tliat  there  woe  once  eome 
eiicli  conriocttun  wliiuii  brouglit  about  tiio  uutformity  of  nto- 
tion  wliicli  we  observe ;  tbnl  the  materials  of  wliicb  llic  )iIiid< 
etfi  oi'c  fonned  once  filled  the  whole  spaoo  between  tbetti.  "  I 
aeeiimc."  eays  Kant, "  that  all  llio  materials  out  of  wliicIi  the 
bodies  of  owr  soiar  nvxtem  were  foi  ined  were,  in  tlic  l»cgin- 
ning  of  thingB,  resolved  in  their  original  elements, and  filled  all 
the  epaco  of  the  nniverse  in  which  these  hodios  now  moro." 
Thci-o  was  no  fonnation  in  this  <-haos,  llie  fornmtion  of  ifv\mf 
rate  Itodia")  hv  the  mutual  ^ijavilation  of  parts  of  the  ma^  bo> 
iDg  a  later  occurrence.  But,  naturally,  somo  parts  of  the  tniuB 
wuiild  be  more  den»e  than  otliert>,  and  would  thiw  ^tlior 
arunnd  them  (he  rare  matter  wliidi  filled  the  intcr\'ening 
Bpaoes.  The  larger  eoUeotJons  thus  formed  would  draw  ttie 
snmllei'  ones  into  them,  and  this  process  would  continue  until 
a  few  round  bodies  hod  takvu  tlie  place  of  the  ordinal  chaotic 
mass. 

If  we  examine  the  result  of  this  hypothesis  hy  llie  light  of 
modem  wicnce,  wc  shall  readily  see  tliat  uU  the  bodies  thos 
formed  would  be  drawn  to  a  common  centre,  and  tlms  we 
(Jioiild  have,  not  a  collection  of  bodies  like  the  solar  systetn, 
but  a  single  sun  formed  by  the  combination  of  thorn  all.  In 
attempting  to  «liow  how  tlie  smaller  m&gecs  would  be  led  to 
oircniate  around  the  larger  ones  in  circular  orbits,  Kant's  rea- 
soning ceases  to  bo  satisfactory.  He  seems  to  ttiink  that  the 
motion  of  rotation  could  be  produced  indirectly  by  the  ropul- 
Kivc  forces  actlnj:;  among  tlie  rarer  masses  of  tlic  condensing 
matter,  which  would  give  rise  to  a  whirling  motion.  But  the 
laws  of  mechanics  show  that  tlio  sum  total  of  rotary  motion  in 
a  system  can  never  he  increased  or  dimimshed  by  tJie  mutual 
action  of  its  separate  paits,so  that  the  present  rotary  motions 
of  the  sun  and  planets  must  bo  the  cqui>-&lcat  of  that  whiob 
they  liad  from  the  beginning. 
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HertcfttTs  Ui/poi/tens,  —  It  ib  remftrkablo  that  tire  idea  of 
the  gradnal  transinulAtiou  uf  ncbuliu  into  stars  geotufi  to  have 
been  Btijjgeetod  to  Ilereehcl,  not  by  tJie  relalioiis  of  Iho  solar 
Bystcm,  but  by  bis  usaminatiuos  of  the  nebuliu  theinseli'eg, 
llany  of  these  bo<lie«  MH;ii>od  to  him  to  bu  composed  of  im- 
inoD8e  maseee  of  pboephoresveiit  vayov,  and  ho  oonccivoj  tlut 
tliesu  iiiaMCK  must  bo  j^radiially  ooiidutising,  each  around  its 
owti  centre,  or  aroand  tliosc  parts  where  it  is  most  dense,  until 
it  shonid  be  traii&mtited  into  »  atiir  or  a  cliiMer  of  fttnnt.  On 
clarifying  tlifi  nuinurous  uebutro  which  he  discovered,  it 
seemed  to  him  thkt  he  could  see  each  sta^  of  this  operation 
going  on  before  his  eyee.  There  wern  the  Urge,  faint,  diffused 
m*bnlas  in  which  tho  prot^eos  of  eondcn^alion  »eemed  to  ha^^ 
Itanlly  begun;  the  smiilter  but  briglitcr  une»,  which  had  been 
80  far  condensed  thai  llii;  central  pnrl^  wtmld  soon  begin  to 
form  into  stan ;  yet  othenii,  in  wliich  &tiin)  had  actually  begun 
to  form  ;  and,  finally,  star  clusters  in  which  the  condensation 
was  cotiipleto.  As  I^placo  oheor^'vs,  Ucrechcl  followed  the 
condensation  of  the  nebiilit!  in  much  the  »ame  way  that  we 
can,  in  a  forest,  fttiidy  the  growth  of  tlie  treas  by  comparing 
thoeo  of  the  difFerent  ages  which  the  forest  contains  nt  the 
same  time.  The  spectroscopic  revelations  of  the  gaseous  nat- 
ure of  the  true  nobiiliL-  tend  to  strengthen  lhc»o  viewtiof  Ilcr- 
M!]iel,aud  to  cnniirm  us  in  tlio  opinion  that  tlietao  masseti  will 
all  at  some  time  condonso  into  etnnt  or  uhistora  of  fitans. 

JjapUice's  Viev)  (-/(Ah  Srimlar  I/>fpotfieaia. — Ijiplac«  wa*  led 
to  th«  nebiihir  hypotheeis  by  considerations  very  similar  to 
those  pi'osented  by  Kant  a  few  years  bcfuiYi.  The  remarkable 
nniformity  among  the  directions  of  rotation  of  tlie  planeta  bts 
ing  Miiiicthing  which  eonid  not  have  been  the  I'esult  of  chance, 
he  Mtiight  to  investigate  its  probable  cause.  This  cause,  he 
thought,  could  l)e  nothing  else  than  the  atmosphere  of  the  sun, 
whicli  once  extended  tu  fitr  out  m  to  till  all  the  »pace  now  oo- 
cupiod  by  tlio  planets.  lie  does  not,  like  Kant,  begin  with  a 
ehaoe,ont  of  which  order  was  slowly  evolved  by  the  play  of 
aitiactivc  and  rcpnUivo  foi-cctt,  but  with  the  nun,  surrounded 
hy  tltta  immense  fiery  atiaoBpherc.    Knowing,  from  mechau- 
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itnl  Uira,that  the  sam  total  of  rotarv  motion  now  teen  in  the 
plaiwtarf  system  mnst  haw  been  tlicrc  from  tfM;  bcginnin-;,  hu 
ooticeirei  tJie  iramenw  vapotoiu  iimm  forming  tlie  tun  ud 
bb  ttinospfaere  to  liave  had  a  slow  rotation  on  ite  axis.  The 
niBES  being  iateose\y  hot  would  slowly  oool  off,  and  as  it  did  eo 
would  contract  towards  tlto  ocntie.  A»  it  contracted,  ita  ve- 
locity of  rotation  wonld,  in  obetlicnoo  to  one  of  the  fnnda^ 
inenta)  laws  of  mcdianics,  ooo&tantly  incrcaE«,Bo  that  a  liioe 
would  arrive  whoD.at  the  outer  homidsry  of  tlic  niatw,thc  oca- 
trifn^Ttil  force  due  U>  tiic  rotation  would  ooiinlerbnliiiif«  tlw  al- 
tni<Tlive  force  of  the  central  ina^s.  Tlion,  tlio«u  outei'  jKiniooi 
would  bo  left  hobind  as  a  re^-olving  ring,  while  the  next  iiitter 
portioiu  woflld  continue  to  coiilmrt  nnlil,  at  their  iMitiudarr, 
the  oentrifogal  and  attractive  forces  would  lie  again  balauved, 
when  a  second  ring  would  be  left  behind,  and  to  on.  Thus, 
instead  of'  a  contiimoits  atiittwphcrc.  tliu  «un  would  be  enr- 
roiuided  by  a  »cncj>  of  coniientric  revolving  nng»  of  vapor. 

Now,  liow  would  these  rings  of  vapor  behave  t  As  tltey 
coiiled  oflf,  tlicir  denser  materials  would  condense  fird,  nnd 
thii<  the  ring  would  lie  composed  of  u  niixod  tnaes,  partly  solid 
and  (nrtly  vaperou8,lhe  i|nau(ity  of  solid  matter  constantly 
increasing,  and  that  of  vn^mr  diniiniiiliing.  If  the  ring  were 
perfectly  uniform,  this  condensing  pix>cess  would  lake  place 
equally  all  around  it,  and  the  ring  wonid  thns  be  broken  np 
into  a  ^^[ip  of  small  planets,  like  tiint  which  wc  wo  between 
Murs  and  Jupiter.  But  wo  slionld  expect  tltat  in  goniiral 
some  portions  of  the  ring  would  be  much  denser  tban  olliers, 
and  the  denser  ]K>rtions  would  gindnidly  attract  llie  rarer  iwr- 
tioits  around  it  until,  instead  of  a  ring,  we  slionld  have  a  sin- 
gle mass,  eomp<«ed  of  a  nearly  solid  centre  surrounded  by  an 
immense  atinoRphere  of  fiery  vapnr.  This  oondcnsation  of  the 
ring  of  vapor  around  a  single  point  would  have  produced  no 
clinngc  in  the  amount  of  rotary  motion  orlgiusUy  existing  in 
the  ring ;  the  planet,  surrounded  hy  its  fiery  atmosphere,  would 
therefore  be  in  rotation,  and  would  be,  in  miniature,  a  repro- 
duction of  the  case  of  tlie  sun  surrounded  by  his  attxracphere 
with  whidi  we  set  out.     In  the  same  way  that  the  solar  at- 


J 


THE  iIOt>l 


fiOO 


^ 


moephero  formed  iteclf  first  into  nnge,  nnd  tln-ii  tlipso  rings 
(loiiilcnscd  into  pIutivlK,  60,  if  llic  ]iliiiielitrv  niitiu''[>livn«  uvro 
stiffit-iently  extciiuve,  tliey  would  form  tlieimvh ei  itito  riugn^ 
and  Iliese  ringB  wonld  votidciiBe  into  Hitcllitc».  In  the  caso  of 
Saturn,  liowoi'er,  otio  of  tlio  rings  vrus  to  jfcrfoclly  iinifurni 
thiit  there  cotdd  be  no  (teii««r  portion  to  dntw  tlic  nat  of 
the  ring  around  it,  nnd  lliiis  we  have  the  well  known  rings 
of  Saturn. 

If,  among  tlio  mnicml«  of  the  solar  ftUiio«plK<re,  there  were 
any  eo  rni-e  nnd  volntilc  thnt  they  would  not  unite  theniiielves 
either  into  a  ring  or  around  »  i>lnoct,  they  wonld  cuntiniio  to 
re^'ulvo  around  the  eun,  |>rL-ei'niiug  uu  H|>iK-nnini-u  like  that 
of  the  zodiacal  light.  They  would  offer  no  a)i)ireci»ble  ro- 
•ialanee  to  the  motion  of  tlic  planets,  not  only  uu  acL-onnl  of 
if  exti-ente  rarity,  hnt  beeitn^e  their  cnotion  wonld  he  lite 
fianic  Hs  ihnt  of  the  plnncta  which  move  nitiong  than. 

SmJi  is  the  eclehratcd  nebular  hypotheeie  of  Laplace  which 
has  given  riee  to  bo  niudi  diseuGiiioii.  It  eummeucee,  not  with 
a  purely  nebulous  uia«^  but  with  the  sun  mirruundcd  by  a 
licry  nlnio«plicro,  out  of  wlueh  the  ptnncts  were  funned.  On 
this  theory  the  sun  is  older  than  the  (daneis;  othorwi«)  it 
would  Imve  been  impossible  to  neeonnt  for  the  »low  rotntion 
of  the  sun  n]>on  bin  nxtK.  If  )ii»  body  hnd  !)ecn  fonnc-d  of  ho- 
mogeneous matter  extending;  out  uniformly  to  near  the  orbit 
of  Mereiiry,  it  would  not  linvo  condensed  into  a  globe  revolv- 
ing on  its  axii*  in  twenty-five  days,  but  into  a  flat,  almost  lens- 
ehapetl,  body,  wliich  wonld  Iiave  lieeu  kept  from  fonnitig  a 
s])horc  by  iho  cuntrifugat  forop.  But  the  denser  materials  be- 
ing condensed  firet,  perhnjis  into  such  a  body  a*  we  described, 
Uio  friction  of  the  iincondcnsed  Htmo»phci'e  would  have  di- 
ininlfhed  the  rotation  of  the  Eun.  the  rotating  energy  which  he 
lo6t  being  crnuinunicated  to  the  embryo  planets  and  throwing 
tJieui  farther  away. 

In  necordanco  with  the  liypotlieeis  of  Laplaco,  it  haa  al- 
ways been  snjipoaed  ihnt  the  outer  planets  were  fonned  firrt. 
There  ie,  however,  a  weak  point  in  Laplace's  theory  of  ihe  for 
raation  of  ring«.     IIu  su])poscd  that  when  the  centrifugal  and 
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centripetal  forces  batanced  eadi  other  at  the  ontcr  limit  of 
llio  revolving  mK»,  tlic  outer  ^rtioii«  w^n  ecpanittt)  fiviu  tbe 
i-eHt,  wlitch  conlitiued  to  drop  tow»i'd«  the  nciiln;.  If  llic  plan- 
etary rings  were  formed  in  tliis  y'»\',  then,  after  each  ring  wm 
thrown  ufT,  llio  ainiusphcru  niiiHt  havv  cundcnwd  to  ucarlv 
half  its  diameter  befoi-c  anotlier  would  hiivc  hecn  tlimwii  off, 
because  wo  sue  that  each  planet  is,  on  the  whole,  nearly  twice 
as  far  lu  the  one  next  wilJiin  it.  But  there  being  no  colie- 
eiou  between  particles  of  vapor,  vuch  I liixi wing-off  of  iiiimciuo 
nuseee  of  the  outsido  portions  of  the  revolving  mass  wiw  im- 
poeciblu.  Thv  nioniunt  the  foivee  haknced,  the  outer  ]>ortions 
of  tlie  mass  would,  indeed,  ocasc  to  drop  tonurd*  the  Biin,  and 
wotild  partially  f^paratc  from  the  portions  next  to  it;  then 
thwe  would  K-paruto  noxt,  and  m  on  ;  that  is,  thera  tvould  lie 
a  oonftant  dropping-off  of  matter  from  the  outer  |ioiilonB,60 
that,  instead  of  ii  series  of  ring*,  thciv  would  luive  beon  a  111 
di«k  formed  of  an  infinite  number  of  conccnUntiog  ringa  all 
joined  together. 

If  wc  uxniniiic  tlio  »ubj<^ct  mora  c1oscly,wc  »hall  ioo  ilii 
tbe  wUolo  reasoning  by  which  it  is  supposed  that  the  iiii; 
portions  of  the  moss  would  drop  away  from  the  outer  one 
need*i  important  mmiilicationR  In  its  primeval  state, when  it' 
extended  far  beyond  the  present  conlinoa  of  tlie  solar  system, 
the  rare  nebntous  atmosphere  miisl  have  been  tiearly  splieric-al. 
As  it  gradually  contiacted.  and  the  effect  of  centrifugal  for 
thus  became  more  marked,  it  would  have  assumed  the  for 
of  an  oblate  spheroid.  When  the  contraction  had  gone  to 
far  tliat  the  ci.>ntrifugid  and  altracling  forces  nearly  balanced 
each  other  at  the  outer  equatorial  limit  of  the  mass,  tlio  rosnlt 
would  have  boon  that  eontraution  in  the  direction  of  tlic  equa- 
tor would  ceAWJ  eutirely,aud  be  eontined  to  the  polar  regioiK, 
each  particle  dropping,  not  towards  the  snu.but  towards  the 
plane  of  tho  solar  equator.  Thiis,wc  should  h«^'c  a  constant 
fluttening  of  the  spheroidal  atmosphere  until  it  was  reiluei^l 
to  A  thin  flat  disk.  This  disk  might  thuu  ^epanito  itself  into 
rings,  which  would  fonn  planets  in  much  the  fame  way  that 
Laplace  snpiKieed.     But  there  would  probably  bo  no  marked 
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difference  in  the  ago  of  tlie  plaiiote;  qiiilfi  likely  the  siimllpr 
iiiiK>r  i-iiigH  noiild  condense  into  plaiieU  more  rnpidly  tlmn  the 
wide-epread  otilor  ones. 

Kant  And  Laplace  may  bu  «nid  to  liuvo  arritvd  at  tlic  nol»- 
nlar  hjpothe»i4  by  reasoning  funvard,  and  showing  liow,  by 
BUppotiing  lluit  llie  »pac«  now  occupied  by  tJie  Bolar  system 
was  unec  tilled  by  a  chaotic  or  vuporontt  nin&<,  from  vrbicli  the 
planets  were  formed,  the  fcatniiM  preAcnicd  by  tlii»  »j>lcm 
could  be  accoimled  fur.  We  Are  now  to  show  how  onr  mod- 
em BciencD  renchn;  a  i-iinilur  result  by  ifiisuEiing  backward 
from  acliotis  wiitcli  we  «ee  going  oti  befoi-e  our  eyc». 

§  2.  Progressive  Changes  in  our  Si/sCem, 

During  iJie  short  jieriod  witliin  whicli  acunrate  observations 
lia^-e  been  mado,  no  sctnal  pennanunt  ebangu  has  been  ob- 
served iu  our  Kyi^teni.  Thu  eartli,  »nn,  and  planets  remain  of 
the  Mime  magnitude,  and  present  iho  same  apppajancc  ni«  aU 
mja  The  Btai-s  retain  their  brilliancy,  and,  for  tho  must  part, 
the  nobultu  their  form.  Not  thu  iflightc»t  variation  had  bc€n 
detected  in  the  amount  of  bent  rccoived  from  the  sun,  or  in 
the  a^'«rage  number  and  extent  of  tlie  spots  on  his  furfacc. 
And  yet  we  have  reason  to  boliovo  that  these  tilings  »\v  nil 
changing,  and  that  thi;  time  will  come  when  the  etate  of  the 
Qni^'eIS6  will  l>e  very  different  from  that  in  which  ive  now  ten 
it.  IIow  a  change  may  ho  inferred  when  none  is  nctnally  vis- 
ible may  be  iiliuwn  by  a  simple  example. 

SupiKtsc  an  inqniring  person,  walking  in  what  ho  sup- 
posed to  bo  a  do^rted  building,  to  find  a  clock  running.  If 
he  is  ignorant  of  mechanics,  ho  will  8C0  no  reaion  why  it  may 
not  have  been  running  jn»l  a*  he  now  seea  it  fur  an  imlctlniie 
period,  and  why  tho  pendulum  may  not  continue  to  vibi-ate, 
■nd  tlio  liiinds  to  go  throngli  tlieir  revolutions,  eo  long  as  rbo 
fabric  ahall  stand.  Ue  sees  a  oontinnoua  cycle  of  motions,  and 
can  givo  no  reason  why  they  should  not  have  boon  going  on 
since  the  clock  wm  erected,  and  eontiniic  to  go  oti  till  it  «hall 
decay.  But  let  him  be  instructed  in  the  laws  of  mechanics, 
and  let  him  inqnire  into  the  force  wliidi  keeps  the  hands  and 
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pcnduliim  in  motion.  lie  will  thou  find  that  tliis  Ioko  is 
tmn»initt«d  to  the  jwnduluni  tlirongli  a  train  of  whecl«,  each 
of  whidi  moves  many  titncs  elower  tlian  ttiat  in  fi-uiit  of  it, 
and  Out  tlio  fir»t  wheel  is  ucit-d  iiiiun  by  a  weight,  with  which 
it  i«  oonoeuted  bv  a  cord.  He  can  flee  a  slow  motion  in  the 
wheel  which  acts  on  the  ]>endnlnm,  and  jterhape  in  the  one 
next  behind  it,  while  during  tliu  ehurt  time  he  lias  for  exami- 
nation ho  can  eco  no  motion  in  Uie  othera.  But  if  he  seen  how 
tlto  wheels  act  on  each  other,  ho  will  know  that  they  mii»t  all 
be  in  motion;  and  when  he  traces  the  motion  back  to  the  tint 
wheel,  he  seea  tliat  it&  motion  must  be  kept  up  by  u  gradual 
falling  of  the  weight,  though  it  eeema  to  remain  in  the  Mino 
position.  lie  eitn  lhen#ay  witli  entire  curtainty:  "I  do  not  see 
thi»  weight  move,  but  1  know  it  must  be  gradually  approach- 
ing the  bottom,  bccanfio  I  ecu  a  s^'stem  of  moving  ntiichinrry, 
the  progn:-«i  oi  which  nceu»arily  involves  eiich  a  slow  falling 
of  the  weight.  Knowing  tlic  number  of  iccth  in  vacli  wheel 
and  pillion,  I  can  compnto  how  many  incliei*  it  falls  each  day; 
and  seeing  how  niucii  room  it  has  to  fall  in,  1  can  tell  how 
many  day»  it  will  take  to  rea^sti  the  bottom.  Wbcu  tliia  ii 
done,  I  see  thtit  the  ulot^k  mnat  Mop,  bccnn^e  it  is  only  tlie  fall- 
ing  of  the  weight  tliat  kcep&  ita  |)eiidiiliim  in  motion.  More- 
over, I  see  tliat  the  weight  mnst  have  been  higher  yesterday 
than  it  is  to-day,  and  yet  high(.>r  tlio  day  hcforo,  so  tliat  I  can 
calcniate  its  position  backward  as  well  as  forward.  By  this 
calcniation  I  see  backward  to  a  time  when  the  weight  wat 
at  tiio  top  of  its  conrsc,  higher  than  whicli  it  conid  not  be. 
Tims,  a1tiiont:li  [  M-e  no  motion,  I  see  with  the  eye  of  rcasou 
that  llio  weight  is  nimnng  througli  a  cei-rain  conrso  from  the 
top  of  the  clock  to  the  bottom  ;  that  some  power  ninst  have 
wonnd  it  np  and  started  it;  and  ihat  tmlo«0  the  same  power 
iniorvcnce  again,  tlie  woiglit  must  reach  the  bottom  in  a  oor- 
lain  number  of  dayi*,  and  tho  clock  must  then  stop." 

The  corresponding  pro^i-eaaive  cliaiige  exhibited  by  the 
operations  of  natnm  consists  in  a  constant  transformation  of 
motion  into  Jiij-nt,  and  tliu  constant  loss  of  that  heat  hy  mdin- 
tiou  into  space.     As  Sir  William  Tliomsoii  has  cxprosecd  it, 
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nut  "di8si[«tion  of  ciierpj-"  i«  going  on  in  nature. 
all  know  that  the  Ban  hsa  been  nidiatinj;  heat  into  space 
during  tliu  whole  ouuree  of  his  existence.  A  eniall  portion  of 
tills  heat  striken  the  curtli,  and  aupportB  life  snd  motion  on  its 
Biir&ce.  All  this  portion  of  the  sunV  heat,  aftei-  performing 
it<  fanvtion,  la  radiated  off  into  space  b^  tlio  enrth  itself.  The 
portion  of  the  mn't  radiant  heat  rccoivod  hr  the  eartli  is,  how- 
ever, conipamtively  intiigniticani,  «inco  onr  himinary  radiates 
in  every  direction  eqnally,  while  the  earth  can  rcdcive  only  a 
part  reprcHcnted  hy  the  ratio  whioh  its  apparent  an^ilar  mag- 
nttnde  as  ecen  from  the  Mm  bears  to  thu  whole  coloatial  epliorc, 
which  a  eimple  calculation  shows  to  be  the  ratio  of  1  to 
3,170,000.000.  Tiie  8t«r«  radiatu  heat  m  well  as  the  enn. 
'I'he  heat  ret^eived  from  tliem,  when  condensed  in  tlic  focus  of 
a  lolescopo,  lias  been  rendered  sensible  by  tlie  thermo-mnlti- 
plitT,  and  iheru  iit  every  reason  to  holiovc  tliat  slcllar  heat  and 
light  bear  tho  same  proportion  to  each  otlier  tliat  solar  heat 
and  light  do.  Whci-over  there  is  white  stellar  light,  there 
mu«t  bu  stellar  lifat ;  and  oh  wu  have  found  tlial  tho  stan  in 
general  ^ve  more  light  than  tlie  sun,  we  have  reason  to  be- 
lieve that  they  give  more  heat  also.  Thus  we  liave  a  contin- 
uous radiation  from  all  tlio  visible  bodits  of  the  univerBO, 
which  must  havu  bucu  going  on  from  the  beginning. 

Until  qnite  recently,  it  was  not  known  that  tliis  radiation 
involved  the  expenditnre  of  a  something  necessarily  limited  in 
supply,  and,  con^qnently,  it  was  not  known  bnt  that  it  might 
continue  forever  without  any  loss  of  power  on  tlio  part  of  tho 
ano  and  stars.  Unt  it  is  now  known  that  heat  caimot  he  pro- 
duced oxcopt  by  the  c.X)>enditurc  of  force,  actual  or  potential, 
in  Mnne  of  iU  foi-mH,  and  it  is  abo  known  tliat  the  availatdo 
eiippty  of  force  is  necessarily  limited.  Ono  of  the  best-celab- 
lislied  doctrines  of  modern  seiencc  is  that  force  can  no  more 
bo  produced  from  nothing  than  matter  can :  to  tind  it  so  pro- 
duced would  bo  as  complete  a  miracio  as  to  sec  a  globe  created 
from  nothing  before  our  eyes.  nen<'e,  this  radiation  cannot 
go  on  forever  uiileis  tlie  force  expended  in  producing  tho  heat 
be  returned  to  the  sun  in  some  form.    That  it  is  not  nov 
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so  return^  we  may  resrftrd  lu  mornlly  r«i-Uin.  There  u  no 
known  law  of  radiation,  (.>xcept  that  it  prouoeds  out  in  Etnigbt 
lines  from  tlio  ni<liating  uctitrc  IE  Clic  lieat  were  rvtnmcd 
back  to  tlio  »uii  from  space,  it  would  have  to  return  to  tlic 
ocDtre  from  all  directions ;  tbo  eartii  would  then  intercept  as 
much  of  the  incomiiig  u  of  tlio  outgoing  heat ;  thttt  is,  wc 
should  receive  ii«  niiicli  heat  from  tlio  sky  at  night  na  from 
the  sun  by  day.  We  know  x'ery  well  that  this  is  not  the  case ; 
indeed,  Uioru  is  no  ovideneu  of  any  heat  at  all  reaching  us  from 
Spaco  except  what  U  radiated  fnim  tlic  atnra. 

Since,  then,  Uie  solar  beat  does  not  now  return  to  the  sun, 
wo  have  to  iiiqniro  what  becomcx  of  it,  and  whctlicr  ft  co«i- 
poDsation  may  not  at  nmno  time  be  cfTeeled  whereby  all  tlto 
lost  heat  will  be  received  back  again.  Kow,  if  we  trace  tlte 
radiated  heat  into  the  wilds  of  space,  wc  may  make  throe  pos- 
sible bypotbctcA  re«)iecliiig  it«  uliiiiiate  deistiny: 

1.  We  may  ftnp)iose  it  to  he  absolutely  annihilated,  just  as  it 
was  formerly  EUpposcd  to  be  annihilated  when  it  n'as  lost  by 
friction. 

9.  It  may  continue  its  onward  coune  through  space  forever. 

8.  It  may,  through  some  agency  of  which  we  have  no  coii* 
MptEoD,  be  ultimately  gathered  and  retuniod  to  ttio  soiux-es 
from  which  it  emanated. 

Tlio  first  of  these  hy]>othcses  is  one  which  the  wientitic 
thinkon  of  tlie  present  day  wonid  not  regard  as  at  all  philn- 
sopbical.  In  our  si'ientititr  |>)iiloiiophy,the  doctrine  Uiut  force 
cannot  be  annihilated  is  coequal  witli  tliat  tJiat  it  cannot  be 
crufited;  and  the  indiktike  prot^esee»  on  which  the  latter  doi>' 
trino  is  founded  ai-o  abnoiit  va  nnimjieaehable  as  lhi«u  from 
whicii  we  conclude  that  matter  cannot  be  created.  At  tlie 
came  time,  it  might  bu  muintainod  that  all  these  doctrines  re- 
specting the  nncreatal>lene«A  and  indc-Atnictibility  uf  matter 
and  forco  can  have  no  proper  foundation  except  tQdiietion 
from  experiment,  and  that  the  abeohito  truth  of  a  doctrine 
like  this  cannot  be  proved  by  induction.  Especially  may  tlib 
be  claimed  in  rcsjwct  of  forco.  The  most  careful  measnres  of 
force  whiuli  wo  can  make  under  all  circumstances  show  that  it 
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Is  snbjeot  to  no  eeoaible  loes  by  either  Iransmiseton  or  tranefoi^ 
inatioii.  lint  ttiis  itloDo  (loc«  tiot  prove  th&t  it  viin  be  subject 
to  no  loM  in  a  paaeage  through  cpioce  requiring  hundreds  of 
thouBonda  or  milUoiiB  of  ^cars.  There  is  also  this  essential 
difference  betwevn  force  and  matter,  that  wo  conceive  the  lat- 
ter SA  niado  up  of  individual  parts  whicli  preserve  their  iden- 
tity throagh  all  tho  cliaiigcs  of  form  whicli  the;  undergo; 
while  force  is  eoincthiiig  in  which  we  do  not  conceive  of  any 
inch  identity.  Thus,  when  I  nllow  a  drop  of  water  to  evapo- 
rate from  tny  hand,  I  can  in  imagination  trace  each  molecule 
of  water  tluough  tho  sir,  into  the  cluiid«,  and  down  to  tlio 
earth  again  in  some  particnlar  drop  of  rain,  &o  that,  if  1  only 
had  tlio  means  of  actually  tracing  it,  1  could  say,  "This  cup 
oontaius  one,  or  two,  or  twenty  of  the  identical  moleuulo 
whidi  eva|)orated  from  my  hand  a  week  or  a  montli  ago." 
It  is  on  this  idea  of  the  separate  identity  of  each  molecmle 
of  matter  that  our  opinion  of  tho  indestructibility  of  matter  is 
founded,  bccuii^  niuller  cannot  bo  dcstmyed  without  dcstix>y- 
ing  individual  molecn1e.s  and  any  cause  which  conid  destroy  a 
single  molecule  might  equally  dosti-oy  all  the  molecules  in  the 
universe. 

But  neither  parts  nor  identity  is  possible  in  force.  A  cer- 
tain amount  of  heat  may  be  expended  iu  simply  raUiug  a 
weight.  Here  heat  has  diMippeared,  and  is  replaced  by  a 
more  change  of  ]K>sitiuQ — something  which  cannot  bo  con- 
ceived to,  identical  witli  it  If  we  let  llic  weiglit  drop,  the 
Fame  amount  of  heat  will  be  reproduced  tliat  was  expended 
in  raising  thu  weight;  but,  though  equal  in  quantity,  it  can- 
not Ije  regarded  us  identical  in  the  way  tliat  tlie  water  con- 
densed from  steam  is  identical  with  that  whicli  was  evapo- 
rated to  form  thu  sti>am.  If  nieaenrcs  showed  it  to  be  los 
in  quantity,  we  could  not  say  tliere  was  a  destruction  of  an 
identical  sometliing  which  previously  existed,  as  wo  could  if 
tlto  condensed  stoam  were  not  equal  to  the  water  eva]>oratcd. 
Tlierefore,  while  the  doctrino  of  the  indestructibility  of  force 
is  universally  received  as  a  scientific  principle,  it  can  hardly 
be  claimed  that  induction  lias  established  its  absolute  correct 
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neaa;  and,  in  s  caic  like-  th«  present,  ulicrc  wc  KC  Sometbing- 
wbidi  Imtucend*  wientitic  expI&naUon,  the  failure  of  tho 
widest  induction  may  be  considered  among  the  poeeible  alter- 
uati\-es. 

Tliv  »eoond  nttomative — tltnt  tlte  lieat  radiated  from  ibo 
tan  and  etare  continaes  its  onward  conrse  through  Bpace  for 
ever — is  the  one  mort  in  accord  witli  our  scientific  concep- 
tions. We  actnally  receive  heat  from  the  most  distant  star 
vietble  in  onr  teleeoopes,  and  tbU  heat  has,  according  to  the 
lw«l  jiidgrnout  wo  can  form,  bc«D  tr&\'elling  tliousauds  of 
year*  witl>oiit  any  loa*  wliatevor.  From  this  point  of  view, 
every  radiation  which  has  ever  emanated  from  the  earth 
the  sun  is  still  pursuing  its  conrE«  tlirongb  tlie  stellar  spaces,- 
witliout  any  other  diminution  tlian  tliat  which  arises  from  iM 
being  spread  over  a  wider  ai-ca.  A  very  striking  precenlation 
of  this  viow  is,  wo  believe,  due  to  some  modern  writer.  If 
an  intelligent  being  had  an  cyo  so  koen  that  he  could  see  the 
smallest  object  by  tlio  fainlc«t  light,  and  a  movement  so  rapid 
tliat  he  could  pass  from  one  bound  of  the  stellar  syHtem  to  the 
other  in  a  few  years,  then,  by  viewing  the  earth  from  a  dis- 
tance much  IcM  tlian  tliat  of  the  fanlieet  star,  he  would  ncc  it 
by  li^t  which  had  left  it  several  thousand  years  before.  By 
simply  watching,  he  would  sec  tlic  whole  drama  of  hnraan  liis- 
torv  acted  over  again,  except  where  tho  actions  had  bc«n  hid 
den  by  cIonds,or  other  obstacle*  to  the  free  radiation  of  ligliU 
The  light  from  every  human  action  performed  under  a  clear 
sky  is  still  pursuing  its  course  among  the  stars,  and  it  needs  < 
only  the  poweii)  we  have  mentioned  to  place  a  being  iu  front 
of  tho  ray,  and  let  him  see  tlic  action  again. 

If  tlio  hyjKithcsis  now  under  consideration  be  the  correct 
one,  then  tho  heat  radiated  by  tlie  enn  and  stars  is  forever  loal^ 
to  tliem.  There  is  no  known  way  by  which  tho  boat  thus  sent 
off  can  be  returned  to  the  sun.  It  i:^  all  expended  in  produc- 
ing vibrations  in  the  ethereal  medium  which  constantly  ex- 
tend otit  farther  and  farlhcr  into  sjiacv. 

The  third  liypotheeiH,  like  the  tintt,  i»  a  simple  conjecture 
)>ennitted  by  tho  necessary  ini|>erfection  of  our  knowledges 
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All  the  Inws  of  radintion  iinct  all  our  coticeptions  of  Epm.-« 
,l«»d  to  the  conclusioa  that  tlie  radiant  heat  of  the  sun  cuti 
L'sevcr  bo  rvtiiriiod  tu  it.  Such  a  rctitrii  can  result  onlv  from 
fepaoo  iuoif  Iiitviiig  »itcli  A  curviitiirc  that  what  ecotus  to  lu  ft 
stiwight  lino  ^hall  return  into  itself,  as  ha^  been  iniiigiiied  by  a 
great  German  uutliotuaticJan  ;*  or  from  the  otlioreal  uietliuiii, 
the  Tibrationa  in  <vhich  constitute  heat  being  limited  in  extent; 
or,  finnlly,  thi'ough  some  agency  aa  jet  totally  unknown  to  sci- 
ence. The  first  idea  is  too  purely  speculative  to  admit  of  dia- 
eimion,  while  tho  other  two  «upi)oulion«  trnn^ccnd  onr  iKiioncs 
at  coniplulcly  aa  does  tliat  of  an  actual  annihilation  of  foroe. 

§  3.  The  SouTiXs  o/aie  Sun's  H«tt. 

Wc  may  i«gard  it  as  good  as  an  observed  fact  tlint  the  mm 
lias  been  radiating  licat  into  void  space  for  thoufiands  or  oveu 
millions  of  ycnra,  without  any  apparent  diminution  of  tlie  »np- 
ply.  One  of  the  moat  difficult  questions  of  coeinical  physics — 
a  question  tho  difficulty  of  whiih  was  nut  kucu  bufori:  tho  dis- 
co^-ery  of  the  conservation  of  foroo^iHS  been,  Ilow  is  this  snp- 

*  Thi4  i<lcii  bdongi  lo  llint  tini»««nilental  brand)  of  Bcomrtry  iilileli,  risinit 
Mbove  iliuao  roncv^tluiii  of  spncc  denrtJ  fhim  our  exporkiire,  iii>mli[iilC4  vlinl 
mBf  be  poMllitn  >n  tlie  rcUilmii  of  pure*  of  ipnco  con«lil«rod  In  ilielr  wiUvC  iiiciki). 
Jt  i>  iiDw  conN<iiuiI  iliBi  ilie  sii|>powd  a  priori  noronuiv  uf  tho  luioma  of  icMni- 
Wj  Liu  no  rmllj'  ttmi'l  lugicnl  fuundnikui,  mul  ilini  ilie  i|u«>tlon  of  tlio  Kmiln* 
■ioni  witlilii  whicli  ihoy  ar«  tnio  In  «no  (o  lio  wttlcil  li;^  fxiiorlsxro.  Iv>|iecinllT  1* 
lliij  IniD  (if  ihd  lliDDK'ni  nf  |inni1ld<,  nil  innllr  vnlid  (tsnioiiilnttlon  ullhnr  tlinl  tiro 
(Wnillcl  r>lrn[|[lil  tlnn  n  III  neicr  most  or  n>«or  dliFiiiu  luting  (ruMllilp.  Hy  t^Jvcl- 
iiiX  >ha  liiniliiilun*  ItiiinimJ  upon  our  funilnmcnliil  icoanioli'irni  ciino*ption*,  jol 
witliuut  atlmiiiinK  nnyililiig  wliicli  potliivdy  cnnitndiui*  ilivni,  Micnil  uennolTkiil 
■JMWD4  tmvo  boon  ■'oniitm-ioil  in  rixont  iiino*,  wlik'h  nrs  Incluilnl  uiiilor  ilio  con* 
«nil  Kpp^llniion  nf  ilm  nun-JiiteUiiiaii  IStamttry.  Tha  moki  culelnni^  anil  rt- 
marksbla  of  lh«*e  t;*ioint  i>  ilini  of  KiMnniin,  nlio  ihowbl  ihnl  nllliouBli  wa  lira 
ebliRMl  to  eoDoeiv*  of  *|mc«  »*  unboMiulrt/.  kiiicii  no  ixwltlon  U  pnwlble  wlkich  bM 
not  tpKe  on  nil  tldw  of  U,  vri  itierc  ^  Tin  iint-culiy  [hut  wa  *linll  ron«iilsr  II  a* 
injtniir.  Ii  tiiiiy  iniiirn  Inio  lltcir  In  Mutinilimit  ilio  innrinor  nf  llic  miTfiw^  nf  a 
■pheiw,  uhicli,  iIiciiikIi  It  liM  no  btiunitur;.  yet  I'oniuini  only  m  llnli«  nuinbgr  of 
•qure  f<Mt.  anil  on  wlilch  one  who  tmveln  kirntglit  fniwnrd  iniJofinll«ty  will  tliiallj 
■frit*  nt  hU  il&Tling-polnl.  JVliJiuiigh  ihU  lilon  ofilig  flnitiuJa  uftjiaco  trnn«conil> 
our  tumJninentnl  concoptionn,  il  dooi  not  runt  mil  Ici  thpm,  anil  ilie  inwc  that  «x- 
pericuM  mil  itM  la  In  Ibc  ninitor  li  Ihnt,  [lioiigli  njinco  ho  llnlif,  ilio  hIioId  txtral 
of  Iho  tiviblu  unlTonoon  be  but  nnry  imnll  fracllun  of  tliaiuin  tetdt  oft|incf. 
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plv  of  hoat  kept  up?  If  wc  culciilntc  at  vrliat  rate  the  tern- 
peititiire  of  the  t>uii  would  be  lowered  annually  \>y  tlte  radio* 
tion  from  ite  surface,  wo  ttliall  fiud  it  to  bo  i^"  Pabronbeit  per 
atiniim,  RippoHiiig  \\i  «|)C<:iflc  heftt  to  lie  tbe  euiio  lu  (bat  o: 
wnlcr,  and  from  5°  to  10^  per  annnii],  if  we  tiuppoae  it  ill* 
eaiDo  as  most  of  tbe  eubetanw«  wbicli  coiiiposo  onr  globe.  It 
would,  therefore,  have  entirely  cooled  off  in  a  few  thousand 
years  after  its  formation  if  it  liad  no  otiier  source  of  heat 
tlinn  that  diown  \>y  iU  temperature. 

That  the  tcinjiemtui-e  could  be  kept  up  by  oombislion,  as 
terregti'ial  tiree  are  kept  u[),  ie  out  of  the  quoBtion,  M  new  fuel 
would  have  to  bo  couKtantly  added  in  quantities  which  eaiinut 
possibly  exidt  in  the  neighborhood  of  tlie  sun.  Itiit  au  allied 
Bonree  of  heat  lias  been  su^eeted,  founded  on  the  law  of  ll»e 
mechanical  oquiraleucy  of  heat  mid  foreo.  \i  a  body  sliould 
full  into  die  tww  from  a  great  height,  all  the  foruo  of  its  fall 
Would  be  turned  iuto  heat,  and  Clie  heat  thus  produced  would 
be  enormously  greater  than  any  that  would  ansa  from  Ute 
combustion  of  tlm  falliu!^  body.  An  instance  of  this  law  is 
shown  by  the  pasHigo  of  shooting-stare  and  aurolites  tlirongh 
our  atmosphere,  whoi-e,  though  the  velocity  nutily  amounts  to 
more  than  forty  miles  a  second,  nearly  all  such  bodies  arc  caa- 
suinod  by  the  heat  generated.  Now,  the  least  velocity  witli 
which  a  body  could  strike  the  sun  (imleoa  it  had  been  merely 
thiTiwn  from  the  sun  and  had  fallen  baek)  is  about  280  mil 
per  second  ;  and  if  the  body  fell  from  a  great  height,  tlws 
locity  woidd  be  over  350  miles  per  second.  Tlio  mcleorio 
theory  was  founded  on  tliis  law,  and  is,  in  substantic,  tliat 
hoat  of  the  sun  is  ko])t  up  by  the  impact  of  meteors  n)>on 
surface.  The  fa<;t  that  the  earth  in  its  course  around  tJie  sun 
encounters  millions  of  meteoroids  every  day  is  sliown  by  tlie 
frequency  of  shooting -slars,  and  leads  to  the  result  tliul  the 
solar  sj-stcm  is,  so  to  epeak,  crowded  with  such  bodies  revolv* 
iug  in  all  sorts  of  erratic  orbits.  It  is  therefore  to  bo  sup- 
posed that  groat  numbers  of  them  fall  into  the  sun;  and  tlio 
question  wtictlicr  the  heat  tlins  produced  can  bo  cqnal  to  that 
radiated  by  the  sun  is  one  lo  be  settled  by  calculation.    It  a 
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tlit»  foand  tlintgin  order  to  keep  up  the  solar  Iipnt,  a  iiiase  of 
matter  equal  to  our  planet  would  have  to  fall  into  tlic  8U»  ev- 
ery ajnturr, 

Tlii«  quantitjr  of  meteoric  matter  U  so  far  bo/ont]  all  rea- 
sonable poesibilitj'  Iliat  it  reqiiiree  little  coii^deration  to  i^liow 
that  tbo  supply  of  eular  licat  cauuot  be  thu§  aciioiinct-d  for. 
Only  a  minute  fraction  of  all  tlio  metAoroidK  or  otliur  bodies 
circnlattng  tbroiigli  apace  or  revolvinj;  around  tlie  Kun  uoidd 
strike  that  luminary.  In  onlor  to  rcacb  the  sun,  llioy  would 
have  to  drop  dirt'ctly  to  it  from  spaeo,  or  bu  tbi-un-u  into  it 
thi-ongh  some  disturbance  of  tbeir  orbits  prfidueed  by  planet- 
ary Bttravtiun.  If  meteors  were  as  thick  as  tliiii,  tlie  cnrtli 
mjnld  bo  m  peltud  with  tbvm  tliat  its  whole  snrfaca  xroidd  be 
made  liot  by  the  force  of  tlie  impact,  nnd  ntl  life  would  bo 
completely  destroyed.  While,  tlien,  the  snn  may, at  iomu  past 
time,  have  received  a  lat^  supply  of  lioat  in  tliis  way,  it  is 
im|w«tiblc  tliat  tbo  supply  ooidd  always  bo  kept  up. 

The  Oontradion  Theory. —  It  i«  now  known  tliat  lliere  is 
really  no  necessity  for  supposing  tlic  sun  to  receive  heat  from 
auy  ontward  eourco  whatever  in  order  to  account  for  the 
preeervation  of  his  temi>eratiire  through  rnilliutis  of  yearn. 
As  his  globe  cools  off  it  must  contract,  and  the  heat  gener- 
ated by  this  contraction  will  suflico  to  make  np  almost  the  en- 
tire loss.  This  l]iei>ry  is  not  only  in  accordance  with  the  lnw« 
of  matter,  bnt  it  admits  of  accurate  mathematical  investiga- 
tion. Knowing  iho  annual  amount  of  energy  which  tlio  sun 
radiates  in  the  form  of  heat,  it  is  i-Asy,  from  the  medmnical 
e()uival(mt  of  the  heat  thus  radiated,  to  find  by  what  amount 
he  must  contract  to  mako  it  up.  It  is  thus  found  tliat,  with 
the  present  magnitude  of  the  sun,  hii>  whulu  diumctcr  need 
contract  hot  2S0  feet  a  year  to  produce  all  the  heat  which  ho 
radiates.  Thia  amounts,  in  ronnd  numbers,  to  a  mile  in  25 
years,  or  fonr  miles  in  a  century. 

The  tjuofition  whether  the  temporatnre  of  the  sun  will  bo 
raided  or  lowered  hy  contraction  dc|)ends  on  whether  we  sup- 
pose his  interior  to  be  gaseous,  on  the  one  hand,  or  solid  or 
liquid,  on  the  otlior.    A  known  principle  of  the  contracliou  of 
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giHOiiB  bodies,  uxl  one  which,  at  firet  eight,  se«mB  p&nuIox< 
ieal,  IB  that  the  ntore  beat  eutrb  a  UmJ;  l«eea,  the  hotter  it  will 
bMomc.     liv  locing  beat  it  contract*,  but  ilic  heat  geoeimCed 
b;  Uic  coiitraotion  exoeeda  tliat  wlii<;b  it  bad  to  toce  in  order 
to  prodncfl  the  contraction.*    WLcii  the  inaea  of  gn&  is  so  br  < 
oontraciM)  tiiat  it  bc^na  to  AoliOify  or  Itijucfj-,  ttiia  actioaj 
OMMft  to  hold,  aod  farther  oontractioii  is  a  wwlitig  process.  < 
We  cannot  Tot  eaj  whether  tlie  isuii  has  or  has  not  be^uu  td 
aolidifjr  or  Ii(iticf5  in  his  interior,  nnd  ihvreforo  caoiMt  male*! 
an  exact  estimate  of  the  time  bis  heiit  will  last.     A  ruiigtt 
eMiinato  ui&v,  bowovcr,  bo  made  from  thu  lato  of  contraction 
Deoeamry  to  keep  np  tbo  pretent  supply  of  heat.    This  rate! 
dimitu'sbM  as  the  eun  };rows  smaller  at  such  a  rate  that  in  five 
millions  of  yciirv  the  tun  will  be  rcdiiocd  to  one-lialf  bis  prw- 
ent  volume.     If  lio  has  not  begun  to  mlidify  now,  it  toctiti 
likely  that  bo  vrill  tlicti,  and  bis  heat  must  soon  after  begio] 
to  (liuiini«Ji.     Ou  tlio  whole,  it  is  quite  improbable  that  the 
snn  can  continue  the  radiation  of  eiifKctent  heat  to  snpport 
life  on  tlio  earth  ten  millions  of  years  more. 

Ttio  contraction  tticory  enables  us  to  trace  the  past  Iiittory 
of  ibc  ftiin  a  little  more  detiiiitely  than  that  of  his  foturv.    He 
mnst  havo  been  lar^r  a  hundred  years  ago  than  he  is  now  by-i 
four  miles,  and  yet  larj^v  in  pnx^ing  oeiitnries.    Knowii 


■  Thli  coriant  la<r  of  coolinfE  rnuM*  of  ipu  bm  iII>cqtm«iI  Lj  Mr.  J.  IJo 
L«n*,  «r  Wublflgton.    Tliii  Beniletnan**  pnpor  on  ilia  thfomfeal  iraifNnura  of  , 
tii<  *un,  fn  tbo  Amtrir^n  Journal  uf  ScieiKt  for  Julr,  1870,  coninln*  tha 
lirofoiinJ  iliKUuioti  of  tho  fuLjoci  niib  nhitti  I  urn  aci|ua!ni*it.    TI10  principte  inj 
quMllon  ia»y  bo  reaJil/  diown  In  tlio  follcming  nnr.     tt'a  ijlobalar  CMeou*  1 
it  tnnJunned  to  one-linlf  it*  primilii'c  dlnmelni',  1I10  contnil  Mlitwtlon  Ufon  Mif 
fan  of  Ita  niou  xill  be  Incrcnwid  fouifuU,  ulillo  tho  oarfnc*  npon  which  lldt  M- 
tniplion  li  cxorci»d  uill  be  reJui'id  lo  oDc-fourtli.     Ilonc^  (he  prwntni  ftt  aolli 
of  iiirfwo  irltl  t>«  increswd  nixtccn  time*,  while  tlic  dcnil[y  will  bo  Incrcajtil  <tntf  j 
•lltUi  Umoi.     lIoni«,  If  the  elniiic  nnd  grmiiiitlng  forcci  ivera  in  cqallibrioni  In 
iho  primlllv«  condlilon  of  iho  gnicmii  mnu,  It*  iMnpcrKliiio  muM  Iw  iloaUtil  la 
order  ihil  th^  may  ><till  bo  in  equilibrium  wlien  iho  dlumcior  I1  redueod  «rn»faolC  I 
A  (InlUr  poradax  Ii  fiiunil  in  iJio  tbcorcm  ofceloiiiftl  michnnlej — ihM  tlio  1 
of  0  ruimlng  moJlum  i*  to  nccclerale  ilic  moiion  of  n  jilanoi  or  comol  iliroa(h  1 
It,     '11m  olTepl  of  the  reiiiUiiiCD  i>  10  mnko  the  body  Bpptvneh  the  tua,  »nil  Uio 
velocity  ((iiioritiad  by  ilie  npproacb  ojiegeda  Tbm  Iu*e  by  the  lolataaec 
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the  law  of  hU  contraction,  we  can  dotermlno  Lis  diaiiiotcr  at 
anv  pa»t  tiiiic,jti8t  as  in  the  ca««  of  the  nmnin^  cluck  tlio 
lieigbt  of  tlie  wcigbt  during  pi-eceding  davH  can  be  calculated. 
We  can  tUus  go  back  to  a  time  wbcn  the  globe  of  tiio  sun  ox- 
teoded  om  to  tlic  orbit  of  Mercury,  tlicti  to  tlic  orbit  of  the 
earth,  and,  tinalW,  when  it  filled  tlie  whole  space  now  oociipied 
by  the  eolar  8)'«lem.  We  are  t)iua  led  by  a  backward  procees 
to  the  doctrine  of  the  nebular  liypothosiii  in  a  furui  etrikingty 
Minilar  to  tlint  in  which  it  was  pi-eaenled  by  Kant  and  l<a- 
place,  altliongb  our  reasoning  is  founded  on  natnral  laws  of 
which  those  great  tliinkvn  had  no  knowledge. 

If  we  take  the  doctrine  of  the  »nn's  vontraolion  as  furnish- 
ing the  complete  explanation  of  the  solar  heat  during  tlie  whole 
period  of  the  sun's  existence,  wo  can  readily  coiupnto  the  total 
anionnt  of  heat  which  can  be  generated  by  his  contraction 
from  any  assigned  volume.  Thia  amount  liaa  a  limit,  however 
great  wc  may  suppose  the  sun  to  have  been  in  the  beginning: 
a  body  falling  from  an  iuHnite  distance  would  generate  only 
a  tiinlted  quantity  of  heat,  just  as  it  would  acquire  only  a  lim- 
ited velocity.  It  is  thus  found  that  if  the  sim  had,  in  the  be- 
jnning,  filled  all  space,  the  amount  of  heat  goneitited  by  hia 
traction  to  his  present  rolume  would  have  been  snfficiont 
latt  18,000,000  yeai«  at  hi*  present  rate  of  radiation.  We 
oao  say  mth  entire  certainty  tliat  the  snn  cannot  have  been 
radiating  heat  at  tlio  present  rate  for  more  than  tliis  period  nn- 
Icse  he  liau,  in  the  mean  ttnic,  received  a  miraculous  ueccs^ioii 
of  energy  from  some  oiitiiide  source.  We  use  tlie  term  "  mi- 
raculous "  to  designate  any  seeming  incoiupatibility  wiili  (hoso 
well -ascertained  natural  laws  which  wo  suo  in  operation 
around  us.  Tlieoe  laws  teach  us  that  no  body  enn  acquire 
heat  except  by  changes  in  its  own  mass  akin  to  contraction  of 
Its  parts,  or  by  receiving  it  from  some  other  body  hotter  than 
itself.  The  heat  evulved  by  coiitractiuri  fi-om  an  intinito  size, 
or  by  the  falling  of  all  the  parts  of  the  sun  from  an  infinite 
distance,  shows  the  extreme  limit  of  the  hoat  the  sun  could 
acquire  from  intcnial  change,  and  this  quantilr,  as  just  stated, 
would  last  only  18,000,000  years.     In  order  that  the  sini 
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ttivuld  receWc  heat  from  anoUier  body,  it  M  not  merely  neoa 
uiT  tliat  that  body  Ebonld  be  hotter  than  the  bud,  but  it  would 
haro  to  be  M  mtich  hotter  that  the  tmall  frkction  of  its  radi- 
ant Iient  which  reached  the  enn  voald  be  greater  than  all  tliat 
the  Eiun  hiiDBclf  radiated.  To  giro  an  iiutauce  of  vhat  tfaia 
condition  requircft,  ax  remark  that  the  body  mnct  radiate 
mure  heat  than  the  f>un  in  tlie  projKirtion  that  tlie  entire  vis- 
ible celestial  epltere  hcare  to  the  apparent  angular  magiiitnda  ' 
of  the  body  as  seen  from  the  tun.  For  instance,  if  its  ap|)ar- 1 
cnt  diiunetcr  were  twelve  degrees,  it  wonld  ecein  to  fill  about 
7^^  part  of  the  celestial  sphere,  and  in  order  to  «'arm  tbo 
Ban  at  all  it  would  hare  to  radiate  more  than  three  thoosand 
times  a»  niiidi  lieat  as  (hu  sun  did.  Moreover,  in  order  to  fni^ 
lliah  sufiicient  heat  to  last  t)»e  iitin  any  given  Iciigtli  uf  time, 
it  would  have  to  stay  in  the  sun's  neighborhood  so  long  thai 
tlio  cxcesB  of  what  tlio  sun  received  over  what  he  radiated 
would  furnish  a  supply  of  heat  sufficient  for  that  time.  We 
cannot  euppoK  Uio  «un  to  have  receitrod  even  a  inpply  of  a 
thousai>d  yean  of  heat  in  this  way  without  tlie  most  extrava-j 
gant  assumptions  respecting  the  volume,  the  temperature,  and 
the  motioD  of  the  body  from  whicli  tlw  h«it  was  received — 
ueumptions  which,  in  addition  to  their  extravagance,  would 
involve  the  complete  dcetnictioii  of  the  planets  by  tlie  heat  of 
the  body,  and  the  total  diearrangemoiit  of  tlicir  orbits  by  its 
attraction,  if  we  gupjKwe  tliein  to  have  been  in  any  way  pro- 
tected from  tliis  heat. 

Tlie  foregoing  computation  of  tho  limit  of  time  the  Bnn  can 
Itavo  been  radiating  heat  is  founded  on  tlw  suppotttiou  that 
the  amount  of  heat  radiated  has  always  been  the  same.  If 
we  suppose  thi-^  amount  to  have  been  lees  formerly  than  now, 
the  period  of  the  eunV  cxiHtCTice  may  havo  been  longer,  and 
in  tlic  contrary  c»«e  it  may  have  been  shorter.  Tlie  amount 
in  question  depends  on  several  causes,  the  effect  of  which  can- 
not be  accurately  computed — namely,  the  magnitude,  tempor- 
utaro,  and  condition  of  the  »olar  globe.  Snp]>04ing  a  uniform 
radiation,  the  diameter  of  this  globe  was  twice  as  great  nine 
millions  of  fears  ago  as  it  is  now.     Its  surface  was  then  of 
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fonr  times  its  present  extent,  so  that,  if  it  vrm  of  thn  namo 
tmltu-e  and  at  the  same  teinpentare  as  now,  tliere  would  hare 
Ikcii  foiir  times  tlif  radiation.  But  its  douMly  would  Imvo 
bL>cii  only  one-ci^litli  lu  f^reiU  a»  at  prcaeiit,  and  ita  teiii|>er- 
atura  would  liave  been  lower.  These  circumstaoces  would 
tend  to  diininii-h  its  rudiution,  &o  that  it  is  quits  poesiblc  that 
the  total  amount  of  heat  radittted  was  no  greater  lliiin  at 
present.  The  probability  would  seera  to  be  on  the  eido  of  a 
grontcr  total  radiation,  and  this  probability  ig  Ktrcnf;tlic[ii;d  by 
g;eolo|;ical  evidence  that  the  ciirih  was  wanner  in  iu  earlier 
ages  than  now.  If  we  reflect  that  a  diminution  of  the  Bolar 
heat  by  less  than  one-fourth  its  amount  would  probably  make 
our  earth  m  c-ohl  that  all  the  u'ater  on  its  enrfacu  would 
freeze,  while  an  iitcrease  by  mach  more  than  one>balf  wonld 
probably  boil  the  water  all  away,  it  must  bo  admitted  that  the 
balanfc  of  (.-nneee  which  would  result  in  tlic  sun  radiating  heat 
jtL%t  faAt  enongli  to  jtreservo  the  earth  in  ita  preeeiit  Blato  has 
probably  not  existed  more  than  10,000,000  years.  This  is, 
tliLTcfon.%  nuar  tlio  evtrcme  limit  of  tiniu  tliat  we  van  Hiippow 
water  to  have  exi&ted  on  tlie  earth  in  tlie  fluid  glate. 

§  4.  Sxuiar  Cooling  of  the  Ear/Ji. 

An  instance  of  a  progreMivQ  loia  of  heat,  second  in  impor- 
tmnoe  only  to  the  loas  from  the  Bun  itself,  and,  indeed,  con> 
nevtfld  with  it,  is  afTordt-d  by  the  secular  cooling  of  tlio  vartli. 
As  we  have  shown  in  a  preceding  clinptcr,  the  interior  of  the 
earth  is  hotter  than  the  sui-face,  and  wherever  there  is  such 
a  difference  of  temperature  as  this,  there  inti»t  be  a  conduc- 
tion of  heat  from  the  hotter  to  the  colder  parts.  In  order 
that  heat  may  thus  be  conducted,  there  must  be  a  supply  of 
heat  iDsidc.  The  increase  of  heat  downwards  Into  the  earth 
c&miot^  therefore,  terminate  suddenly,  but  muttt  extend  to  a 
f^reat  depth. 

Whatever  view  wo  may  take  of  the  question  of  the  uarthV 
fluidity,  it  mn&t  be  admitted  that  it  was  hotter  in  former  ages 
tlian  now.  To  borrow  an  illustration  from  Sir  William  Thorn- 
Mn,  the  ease  is  much  tlie  samu  as  if  wo  should  find  n  hot  stone 
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in  a  fieli].  Wo  conld  Bay,  with  entire  certainty,  that  the  i 
had  bcun  in  tlic  Rrc,  ov  mmc  otlivr  liot  place,  williiii  a  Hmil 
period  of  time.  Respecting  tlio  origin  of  this  heat,  two  )ty- 
pothesos  liavo  proviiilod — ono,  fonndod  on  the  oebiilai'  theoiyij 
that  tlic  uurili  wm  originAlly  condensed  a«  a  nioltoii  tna»,an^ 
has  not  yet  cooled  off ;  the  othei-,  tliat  it  i-eceived  its  heat  from 
Bonio  exturnal  source.  The  latter  was  tho  view  of  Puieeon, 
who  accounted  for  tlie  increase  of  lcin[>eiatnrc  by  «iip{)06ing 
that  the  eolar  eystem  had,  at  some  former  period,  poaed 
tliroiigh  a  hotter  region  of  space  than  tJiat  in  which  it  is  now 
foinid.  This  view  is,  however,  now  known  to  be  entirely  un- 
tenable, for  ecvoi'al  reasons.  Space  itself  cannot  be  warm, 
and  tho  earth  could  have  derived  licat  only  fmin  paniiig  nc 
a  hot  body.  A  etar  pasaing  near  enough  to  heat  up  the  eartbl 
would  have  totally  disarranged  the  planetary  orbits,  by  its  at- 
tractioQ,  and  deslioyed  all  life  on  tlio  surface  of  tlie  globo  by 
its  heat 

Thus,  tracing  back  tlie  oartli's  heat,  we  are  led  back  lo  the 
time  when  it  was  whitc-hot;  and  then,  again,  to  when  it  was 
enveloped  in  tlie  fiery  atmosphei'e  of  tho  ann ;  and  again,  when 
it  was  itself  a  masa  of  iiery  vapor.  Resi>ccti»g  tlw  time  re- 
quired for  it  to  cool  off,  wo  cannot  make  any  exact  enloiila- 
tion,  as  we  have  done  in  tlic  ease  of  tho  sun,  because  the  cir-, 
cuuiManceft  are  entirely  different.  Owing  to  the  solidity  of  : 
least  tlie  outer  crnst  of  the  eaitli,  the  heat  which  it  losoe  hcara' 
no  knon'n  relation  to  its  interior  temporaturo.  In  fact,  were 
wo  to  compnlo  how  long  tlio  earth  might  lia\-o  been  able  to 
radiate  heat  at  its  pi-esent  rate,  we  may  find  it  to  be  coiiiitod 
by  liundreds  or  thousands  of  millions  of  yeare^  The  kernel 
of  the  difliculty  lie«  in  the  fact  that  when  a  solid  cruet  once 
formed  over  the  molten  earth,  tliei'e  was  a  sudden  cliango  in 
the  rate  of  cooling.  As  long  as  the  globe  was  molten,  tlicre 
would  bo  constant  currents  between  its  surface  and  the  inte- 
rior, the  cooling  superfieial  [lortion  constantly  sinking  down, 
and  being  replaced  by  fresli  hot  matter  from  the  interior, 
ilnt  when  a  continuous  solid  crust  was  once  formed,  the  beat 
uotild  reach  the  sni'faoe  only  by  conduction  through  the  crust, 
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and  the  latter,  t1ioii}:;li  oiilv  u  few  feet  tliick,  would  opciato  ae 
ft  screen  to  prevent  tiie  further  Iohs  of  heat.  Tliciv  would,  u 
tko  crust  cooled,  be  euoniioiis  emptioiis  of  molten  matter  fi-om 
tlie  interior;  but  tliOHj  would  rapidly  cool,  and  tlius  lidp  to 
thiuken  the  cruat. 

A  fact  not  to  bo  lost  eight  of,  and  which  in  some  way  as- 
dmilatoit  the  vaUIi  tu  t)ic  sun,  i«  tJiHt  of  the  hout  lost  hy  the 
irth  by  far  the  greater  part  is  made  up,  not  hy  n  lowering 
of  the  temperature  of  tho  cartlt,  hut  by  its  c-onlraction.  It  is 
trno  that  there  mui^t  be  some  lowering  of  tenipcrutun},  hut  for 
each  degree  that  the  teniporHture  is  lowered  tiiere  will  proba- 
bly he  a  Iiundrod  degrees  of  heat  ovoU'ed  by  the  coutraotion 
of  our  globe.  Considering  only  the  eurtli,  it  is  dillicult  to  sot 
ftu  exact  limit  lo  tlie  time  it  may  have  been  cooling  since  its 
cnist  wag  formed. 

Hie  sudden  chango  produced  in  tlio  radiation  of  a  molton 
body  by  the  formation  of  a  solid  cnisl  over  its  fturfaco  may 
ftfford  us  some  cine  to  tho  probable  termination  of  the  lieat^ 
giving  powcrt  of  the  sun.  Whenever  tlio  latter  so  far  cooU 
off  tliitt  ft  iMiiitinuous  eolid  cniBl  i*  formed  over  its  siirfaoe,  it 
will  rapidly  cease  to  radiate  the  heat  necessary  to  support  life 
on  the  globe.  At  its  pivsent  rate  of  radiation,  the  bud  will  be 
U  dcneo  as  the  earth  in  about  12,000,000  yours;  and  it  is 
quite  likely  to  be  long  before  that  time  that  we  Are  to  expect 
tlie  ]>ermaiiont  formation  o£  such  a  crust. 

Tho  gt^inoral  oosinioal  theory  which  wo  have  been  coniidor- 
ing  ocuoiintd  for  tlie  sujipotted  pliysical  constitution  of  Jupiter, 
which  has  been  described  in  treating  of  that  planoL  On  the 
nebular  hypothesis,  as  wo  have  set  it  forth,  the  ages  of  the 
ecvcml  planets  do  not  greatly  diffei*.  Tlie  smaller  planets 
would,  therefore,  cool  off  sooner  tlian  the  larger  ones.  It  is 
pOGBible  that,  owing  to  the  great  masses  of  Jupiter  and  Saturn, 
iticir  rate  of  cooling  has  been  so  slow  that  no  solid  crust  is  yet 
formed  over  them.  In  ihia  cose  they  would  appear  eelf-lumi- 
I10U8,  were  they  not  suri-oundcd  by  ininicnse  atmosplioros,  filled 
with  clouds  and  vapors,  which  shut  off  a  great  port  of  tti« 
Internal  heat,  and  thus  delay  the  cooling  process. 
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§  5.  Oencral  Conclusions  respatinif  Ot«  NAidar  Hypt^itsts. 

It  would  Boetn  from  what  lias  been  said  ttiat  the  vride^t  in* 
dtictiona  of  modem  science  ugrco  vritli  the  6])vculatiui»>  uf 
thinking  minds  in  ^lasX  agcA,  in  prcitenEiiig  tlie  creation  of  llie 
material  imivcrws  to  onr  view  as  a  process  rather  than  nn  acL 
Thi»  )iroc!c«H  begnii  when  tlie  )ireHe)it  mtilciial  univuivc  wiuk 
mass  of  fiery  vapor,  filling  the  stellar  spaces;  it  is  still  going 
on  in  its  inuvilablo  conive,  und  it  will  end  when  smi  nnd  stare 
are  reditocd  to  dark  and  cold  niojutcd  of  dead  matter.  TIta 
thinking  reader  will,  at  this  stage  of  the  inquiry,  very  natu- 
l-ally  inqniru  whether  this  view  of  tliu  cosmogony  is  to 
received  ut  nn  et^tabli^ied  scientific  HvX,  or  only  fts  a  rcftull^ 
which  science  makes  more  or  \&a  probable,  but  of  the  validity 
of  which  opinions  may  reasonably  differ,  Wc  consider  thakJ 
tlie  latter  is  the  more  correct  view.  All  ecientilic  eoncludioiii 
necessarily  rest  on  the  poatnlate  that  tlie  laws  of  nature  are 
absolutely  unchangeable,  and  iJiat  their  operations  have  never 
been  interfered  with  by  the  action  of  any  supernatural  cause; 
that  is,  by  any  canae  not  now  in  operation  in  nature,  or  op- 
erating in  any  way  different  from  tliat  in  wliiuh  it  hw  alwaytjJ 
done.  Tlie  question  of  the  correctness  of  this  postulate  is  on 
of  philosophy  nnd  common-sense  rather  than  of  seivnec;  andl 
all  wo  can  say  in  its  favor  is  that,  as  a  general  rule,  the  be^ 
ter  men  underiitand  it,  the  more  difficnlty  thoy  find  in  dunbtii 
it.  And  all  we  can  say  in  favor  of  the  nebular  liypotli«ri| 
amounts  to  this :  that  tho  operations  of  nature,  in  tltcir  wide 
range,  when  wc  trace  tliein  back,  eceni  to  lead  us  to  it, 
tlie  mode  of  rutining  of  the  clock  leads  to  the  ooncIiMion  tin 
it  was  once  wound  up. 

llclmholt;!,  Thomi«on,  and  others  liave,  u  wo  Iiavo  cxpluii- 
od,  made  it  evident  that  by  tracing  back  the  cooling  pr 
wc  now  see  going  forward  in  nature,  we  are  led  to  a  time 
when  the  planets  were  en;'elo[K;d  in  tho  fiery  atmocpbere  ol 
tlie  Sim,  and  were  therefore  therasclvcii  iit  a  molten  or  vapor 
OU8  form.  Uul  the  reverse  problem,  to  show  that  a  nebntoua 
mass  would  or  might  condunsc  into  a  system  poescwiu^  liia 
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wonderful  nymmetry  of  our  *olar  system — the  jiliiiipls  rpvolv- 
ing  round  the  eun,  and  dio  satclliCfS  iMiind  llicir  )>ninanee 
iu  n«arl^'  circular  orbits — has  nut  bccii  eulvud  in  a  iiiuiincr  gt 
nil  Mtiflfitctory.  Wo  hiive  *een  ihnt  Kmii's  ideas  wei-c  in  smiio 
respects  at  variance  with  the  lau-s  of  niecluinics  which  Iiavo 
since  been  discowrvd.  I^jilacc'it  cx[>laiiiitiun  of  liow  t1»o 
planets  migltt  have  ht-cn  formed  From  tlie  atiiinxphcre  of  l)ie 
enn  is  not  mathematical  enou}>h  to  bu  oonclnsivc.  In  the  ab- 
Wnco  of  a  nmtbenmlicul  invt^wtigatioii  of  the  subject,  it  »ci>n» 
more  likelv  that  the  solar  almoflphere  would,  under  the  condi< 
tioos  supposed  by  Laplace,  condense  into  a  eu'nnn  of  small 
bodies  like  the  a6tci'oid»,  tilling  the  whole  i^imvc  now  occupied 
by  the  planets.  Af^iii,  when  wo  examine  the  actual  nehidie, 
we  find  very  few  of  them  to  present  that  syiniiiulry  of  outline 
whieli  would  lead  to  ihoit-  coitduiiMtion  into  a  system  to  sym- 
UMilvicnl  tiA  Ihnt  lu  which  onr  pinnet  belongs.  The  double 
Btar^  revolving  in  orbits  of  every  degree  of  eccentricity,  and 
the  rings  of  Satuni.  eompoecd  apparently  of  a  swarm  of  siuall 
]«rtii'lcs,  offer  better  exanipleit  of  what  wo  flioiiUl  expect  fri>ni 
the  nebular  liypolhesia  than  do  the  planets  and  jjilcllilcs  of  our 
system. 

These  diflicn'ties  may  not  be  insurmountable.  The  grentost 
of  them,  perhaps,  is  to  show  how  a  ring  of  vapor  surrounding 
tliQ  sun  could  eondense  into  a  single  planet  encircled  by  satel- 
lites. The  conditions  under  which  such  a  result  in  posf^iblu 
require  to  be  invLftigutvd  mathemaiioidly.  At  tlio  present 
lime  we  can  only  miv  that  the  nebular  hyimthesis  is  indicated 
by  the  general  tendencies  of  the  Ihwb  of  nature;  that  it  has 
not  been  ]>roved  to  be  inconsistent  with  any  fiiet:  that  it  is 
almcet  a  nece-ssary  consetjnenco  of  the  only  theory  by  which 
wc  can  account  for  the  origin  and  conservation  of  the  siui's 
heat ;  but  that  it  rests  on  the  assumption  that  thi«  eonscrvniion 
U  to  be  explaintxl  by  the  law?  of  nature,  as  we  now  sec  them 
in  operation.  Should  ary  one  be  sceptical  as  to  the  snflicicncy 
of  these  Ian-«  to  account  for  the  present  state  of  things,  scieuMi 
can  furnish  no  evidence  strong  enough  to  overthrow  his  doubts 
until  tlio  sun  shall  bo  found  growing  smaller  by  actual  moas- 
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urcnicnt,  or  the  iiebulte  be  actually  aeeii  to  ooodenee  into  Mm  ' 
and  K^'stenis, 

§  6.  The  Pluralilff  gT  Worlds 

'When  w«  c-oiilcmplate  ibo  planets  as  worlds  like  onr  ff 
and  Iho  stars  m  enne,  oacli,  pcilMpe,  with  it«  rcUoue  of  attend- 
ant plaiict»,  tliv  Idon  nntiirally  t>ii^ge«t8  it«elf  that  other  jilancts 
u  well  Hi)  this  may  be  llie  abode  o£  inlelligciit  beinv^  The 
question  wlictbor  other  piaitL-ts  are,  as  a  gener&l  mlc,  thus 
peopled,  li  nne  of  the  lii^^htwt  ititcrett  to  Uf,  not  onlv  as  in- 
volving our  pl««c  in  creation,  but  as  sliowing  ii»  what  i«  TvaWy 
greatest  in  the  iniiverse.  Many  thinking  people  regard  the 
discovury  of  uvldencve  of  life  in  othi>r  worlds  as  tlic  givnt  id- 
litnnlc  object  of  telc4cope  re8ean:li.  Ii  ih, therefore,  exlrcino- 
1y  disappointing  to  learn  tluit  the  attainment  of  any  direct 
eviduiicc  of  Mich  Irfo  sceins  cnliivly  liopuloss — so  hopeless, 
indeed,  that  it  lia«  abnoftt  ceased  to  oecnpy  the  attention  of 
nstrononiei^.  The  spirit  of  modern  Rdencc  is  wholly  adverse 
to  i<t>cculation  on  qneslions  for  the  solution  of  wliidi  no  seion- 
titic  evidence  is  attainable,  and  iho  common  answer  of  astron* 
omors  to  nil  qncEtioiis  respecting  life  in  other  worlds  would 
be  tlmt  they  knew  no  more  on  the  siibjetrt  than  any  one  else, 
and,  having  no  data  to  reason  from,  had  not  even  an  opiniou 
to  oxprcee.  Still,  in  epito  of  this,  many  minds  will  speouhite; 
and  nlthon^h  scieiiue  cannot  annwcr  the  givitt  ijite;>tion  for  ns, 
she  may  yet  guide  and  limit  our  speculations.  It  may,  tliore- 
fore,  not  be  nnprofitablo  to  sltow  within  what  limits  speoulo- 
tion  may  not  be  diAUordant  with  the  genc-i-alizationa  of  scien(«. 

First,  we  see  moving  round  onr  sun  el^lit  large  phtnvLs,  on 
one  of  which  wo  lire.  Onr  telescopes  show  ns  other  »utu,  in 
t^ncli  numbers  thnl  they  defy  count,  amounting  certainly  to 
many  millions.  Are  these  suns,  like  our  own,  oenlres  of  plan- 
etary systems)  If  our  telescopes  could  be  made  powerful 
enou;j;li  to  »how  sucli  planets  at  distances  so  immense  as  tlioM} 
of  the  ti.vcd  stars,  the  question  would  at  onoe  bo  eotllcd;  but 
all  the  plnticta  of  our  system  would  disappear  entirely  from 
tlio  reach  of  the  moat  powerful  teleecopos  wo  can  over  hope  to 
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make  at  a  distance  fnr  lees  than  tliat  wliicli  M;|mmtc«  ii«  fmm 
tl:o  iiuarett  fixed  elar.  ObBervalion  i-aii,  therefore,  afforii  iia 
no  infunnntioD  on  the  fttibjeut.  Wu  niiist  liuvc  rocoiiiw  to 
voemnlo^cal  considerations,  and  tlieee  mn.y  lend  to  the  con- 
elusion  that  if  tJie  whole  uuivoree  condensed  £i-»ni  a  iiolinlona 
ina»,  tin  aame  cause  which  led  our  sun  to  be  ^nrruuiidcd  hy 
planets  would  operate  in  the  vase  of  other  sniis.  Itiit  we  have 
jtist  shown  that  tlio  s^'ininctry  of  form  and  arrangement  seen 
in  onr  s^-steni  in  something  wc  coidd  rarely  expect  to  roitnlt 
from  tlie  condensation  of  inassea  bo  irregular  as  lho»o  which 
niako  up  the  larjj^;  majority  of  the  iiehnla.',  whilv  the  irreg- 
nhir  orbits  of  the  double  stars  show  ns  what  we  KliwnJd  i-athor 
expect  to  be  tlie  rnle.  It  is,  therefore,  quite  possible  liiat  ixiti- 
nnea  of  plaocU  rovolving  in  eiruular  orbil«  may  bo  rare  excep* 
tion»,  rather  than  the  rule,  among  the  siara. 

Next,  fluting  the  existence  of  planets  without  number, 
what  indications  caa  wo  liavu  of  their  hubilability  I  Tlioro 
is  ono  planet  betides  onr  own  for  whicli  the  telMoopc  sotlIc« 
this  point — namely,  the  moon.  This  body  has  neither  air  nor 
water,  and,  consequently,  uothiug  ou  which  organic  life  can 
bo  supported.  Tlio  spccutacioiis  8omctiniu«  indulged  in  rA- 
apccting  the  )K>wible  Imbitabiliiy  of  the  other  «ido  of  tho 
moon,  which  wo  can  never  sec,  aro  nothing  more  than  plaj-a 
of  tlie  imagination.  The  primary  planets  aro  all  too  distant 
to  enable  ui>  to  funu  any  certain  judgment  of  ibc  nature  of 
their  surfaces,  and  the  Utile  we  can  see  indicates  that  their 
comtitntlon  \»  exlroincly  varied.  Mare  has  i:\iiry  a])puarauco 
of  being  like  our  earth  in  many  )>iirtieular»,  and  is,  thereforu, 
the  jilnnet  which  vre  should  most  expect  to  liiid  inhabited. 
Most  of  the  other  planets  give  indieatioue  of  being  surroimd- 
cd  by  immense  atmoKphercM,  tilled  with  clouds  and  vii]iur«, 
through  which  sight  cannot  penetrate,  and  we  can  reaeli  no 
certain  knowledge  of  what  may  bo  under  these  clonds.  On 
the  whole,  we  may  eoneidcr  tlie  chunees  to  be  decidedly 
against  tlio  idea  tlrnt  any  considerable  fraction  of  tlie  heav- 
enly bodies  aro  littcd  to  tie  the  abode  of  sueli  auiriials  as  we 
hat'e  on  tlic  earth,  and  tliat  the  number  of  tliem  which  have 
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tlic  requisite*  for  etipporting  oiviliiiAtion  is  a  very  smsill  fnuN 
tion  indeed  of  tlie  whole. 

This  conclusion  n^ts  on  tlie  lutsu  nipt  ion  llisttho  con<]itions 
of  life  V.VK  the  same  in  otlier  woilda  a»  in  niir  own.  Thu  &»■ 
sninpcion  ninv  be  contestod,  on  tho  ground  that  wc  can  sot  no 
liniits  to  the  [}on-cr  of  tlio  Crvntor  in  »diipting  lifiJ  to  the  coil- 
ditiotiK  wtiich  surround  it,  nnd  tliat  tlie  itunienfto  range  of  ad*)^ 
lulioii  on  our  globe— some  iiiilniul^  living  whei«  oUient  are  Jio- 
inedinlely  deetroyed — makes  all  iafcrenuos  founded  on  tlie  icn- 
poffiihilitv  of  our  curtlily  aniinaU  living  in  tlio  plauots  ontirelj^ 
incuiiclusivL*.  The  only  euientiliv  wiu-  of  nieoling  tlii«  itrgti- 
mciil  i»  to  Hce  wlietlier,  on  our  Cftrth,  there  ore  any  Hniita  to 
the  adaptability  in  i|n(«lioTi.  .\  cnraury  L-Mtmiimtiou  ahovra 
that  wliilu  tliert!  aiv  no  well-detined  liinim  to  whnt  miir  bo 
ooibkidered  as  life,  the  higher  forms  of  nninml  life  are  very 
far  from  csiEtiiig  e<ina11y  under  nil  conditiunii,  and  the  high- 
er the  fonn,  the  nioi-o  ro6tri<:tod  the  conditions.  We  knonr 
that  no  animal  givinv  evidence  of  eolf-consctousncss  is  devol- 
ujied  except  under  (ho  joint  influence  of  air  nnd  water,  and 
between  certain  nari-ow  limits)  of  temperalnro;  tliat  only  fontu 
of  lifo  which  aro  intellectually  very  low  are  developed  in  Uie 
ocean ;  Hint  there  \«  no  ndiipttng  powur  excRriscxI  by  nature  on 
onr  globe  whereby  man  can  maintain  n  high  decree  of  intel- 
lectual or  bodily  vigor  in  tlie  jiolar  regions ;  that  the  heatft  ot 
the  torrid  xono  nUo  impoi^c  restrictions  upon  tho  development 
of  our  race.  The  coiieIuE>iori  which  wo  may  draw  from  tliis 
is  that,  if  great  changes  should  occur  on  the  surface  of  our 
globe,  if  it  thonld  be  cooled  down  to  the  tomperatnro  of  the 
poles,  or  heated  up  to  that  of  the  cqnntor,  or  gradually  bo  cov- 
ered with  u'ater,  or  deprived  of  its  atmosphere,  tlie  higlier  pres- 
ent forms  of  nntninl  lifo  would  I'ofuso  to  adapt  themselves  to 
the  new  state  of  things,  and  no  nc^^'  forms  of  lifo  of  equal  ele- 
vation would  take  the  place  of  tliose  destroyed  by  the  chango;. 
There  is  not  tho  slightest  rciiHou  fur  believing  that  anything 
more  intelligent  than  a  fish  would  ever  live  under  water,  or 
anything  mora  intelloctnnl  than  tho  Esquimaux  over  be  su]>- 
jiortcd  ill  regions  ils  cold  as  the  poles.     If  we  ajiply  this  con- 


TUB  PLCSALITY  OF  WORLDS. 


6S1 


slJeratton  to  the  cjncatioii  which  now  ocx-iipies  ns,  we  are  led 
to  the  uonchietoii  tliiit,  in  vivw  of  the  iiiiinoiiM:  divcnitj'  of 
uoixJillona  whiuh  |irobnl)1v  prevniU  in  ihc  iiiiivenie,  it  would 
be  ttily  in  a  few  favoi-cd  spots  that  wc  shoulO  expect  to  find 
anj  very  iiitcrtstiii";  i]evolu|i incut  of  life. 

An  iiliied  coiirtidtnition  will  lead  iis  to  nearly  the  BRine  CMI* 
chiuoit.  Eiithnsiiistic  writer  not  only  aonietiines  ])eo|)1e  the 
[linnets  witli  iiihal)ituiil»,  but  calculate  the  |)o;>j<iblu  jiopnlation 
by  tho  luinibor  of  fixiinre  inlleit  of  surface,  ami  ihmw  in  a  lib- 
eral supply  of  asli-onomore-who  scan  our  earlh  with  powerful 
lclo«eopti6.  The  possibility  of  this  it  would  1>q  pre«iiinptioit 
(o  deny;  but  that  it  in  cxtrctncly  improbable,  at  leant  iu  iho 
caee  of  any  one  planet,  may  be  Geen  by  reflerting  on  the  brev- 
ity of  civilization  on  our  globe,  when  coinparod  with  tho  oxi&t- 
euix  of  the  globe  iltelf  as  n  planet,  llic  latter  lias  probnbly 
been  i-evoking  in  its  orbit  ten  millions  of  yeara;  man  liaa 
probably  existed  on  it  less  tlian  ten  thousand  years;  civiliza- 
tion le^  than  fouv  tlioiiiiand :  toIoKuopctt  little  more  than  two 
hundred.  Had  an  angel  viMtcd  it  at  intervals  of  ten  thousand 
years  to  seek  for  thinking  beings,  ho  wonid  linvo  been  disap- 
pointed  a  thousand  times  or  more.  Ileasoning  from  analogy, 
we  arc  led  to  bclievo  Uiat  the  eaino  disappointments  nii^ht 
await  bini  wlio  should  now  travel  from  ]ilaiiGt  to  planet,  and 
from  evBtem  to  eii-stem,  on  a  similar  search,  until  he  had  exam- 
ined many  thousand  planets. 

It  M!emit,  therefore,  so  far  a^  wc  can  reason  ^m  analogy, 
that  the  probabilities  are  iu  favor  of  only  a  very  small  fno- 
tion  of  tho  planets  being  peopled  with  intelligent  bcii)g«. 
Hut  when  we  reflect  that  the  |)OK»ible  nnmber  of  the  planetd 
is  counted  by  hundreds  of  millions,  thid  small  fraction  may 
be  really  a  very  large  number,  and  among  tliis  number  many 
may  be  peojiled  by  beingit  mudi  higher  tlian  ouiselves  in  the 
intellectual  scale.  Here  wo  may  give  free  rein  to  our  imagi- 
nation, with  tlie  moral  certainty  that  ecicncc  will  .^npply  nolli- 
iiig  tending  cither  to  prove  or  to  disprove  any  of  its  fancies. 
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The  llliiwmUirT,  Budiknirip,  (rrrmiiny. 

Th«  Obwrralary,  Corilom.  Simlli  Ainoiic* 

The  ObMrralory,  Municli,  liiTmniiy, 

Tho  ObfocTklorv,  CopDiiliaKVii,  Ili'niiiirk 

Tim  OtMorvnlorr  at  <.'iiir'mt"ili.  <ili<i> 

Midillewn-n  I'nivcrtlEj,  Cuiinwilont. 


16  Id. 

lain, 
la  iu. 
14.8  in. 
14  In. 
1 11.0  hi. 
13  In. 
IK  111. 
lain. 
IHin. 


lis  In. 

It.ain. 

13.)!  in. 

Iti  In. 

IS  in. 

IS  in. 
IS  ill. 

IS  in. 

19  In. 

13  in. 
IS  in. 
19  in. 
ll.Tin. 
lis  in. 
11  In. 
lib. 
Ilia. 
11  in, 


f  Um  ftnil  Hthkr, 
)      1«4u. 
Ur.  Crabb. 
Mr.  linibb. 
Hen  Md  lUUiv. 

Mr.  Speim*. 
U.  Elihcni. 


Tlio  OKIn-r, 

Mr.  Rli.of  N.Y. 

|ll«n    uiil    SoA*. 
tiiiniii*. 
JJr.  rii.«rx.  V. 
lMr.Hti.oI,\.T. 
)  A.  Cbrk  uid  Som. 
»t.  GmbU 
I  A.  (lark  will  tkn*. 
\      IMO. 
U-OiiwIwU. 
U.Qiuchcifi. 
I  A.  Ouk  and  Smu, 
■(     187B. 

i  A.  Clark  ud  Scnu, 
(     1878. 

A.  Clark  ud  8ont. 
II.  Cauchoii, 
A.  Clark  nnd  SoM. 
Schrocder. 
JCr.nw.«(S.r. 
Man. 

Men. 

A.  Clark  and  Son*. 


Hii*)il<^ii  Ui«e.  tlio  fill lo^ng  til roo  toletcopM  lurcfiiujeolnl:  ttSS-uolin- 
IVaeKtr  fur  tlio  (liueiinlcli  OlMurvalur;^.  by  Griiliti,  »f  I>iil>IIii ;  u  pcrvnl  m- 
frnotor  for  tho  rnris  Obei^rvntoi-y,  li>  Iw  ll^iirul  by  the  lirutliera  Hutirj-,  ul 
F»riii;  nrofVootorofttSiiirlic^  fvr  Yiilu  CulU'ge,  by  A.  Clark  and  :Soa*. 

■  Thli  la1«M0|w  iHloiigi  mtha  Sufal  Siirlviy,  IidI  ta  In  imMMlnii  of  Mr.  Ilii|a|laa, 

I  Thf  oli]Ml.8liH  Ii  (IU  old  on*,  but  [h<>  m Ili>(-  li  now.  by  Klrhmit. 

I  Tbt  objMtflM*  I*  br  Han.  ol  UbuIcIi,  lbs  luuuutlnE  bj  "hoagblou  aud  SInina. 
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AfPKSMX. 


Xim«^ 

Ll«1l»l>-li 
in. 

1^41 11 'u 
0 

DIMuw. 

UWDliaJa 

.** 

N.    M,     L 

o       ' 

Sfl  Aarin.... 
)i  Oanii  H«j. . . 

Rh    a 

4a  43 

17.1 

aa.3N 

n.o     s.ii 

While :  blue. 

SO  SR 

-la  aa 

S4Ha|     3.23 

4.7      RO 

t  Gwnlnonim . 

T  1»  67 

>3  13 

l»«.o 

M4 

3.3      8.S 

a»  »; 

S3    D 

S3B.8 

a.49 

3.7      3.7 

BNarl* 

41  ID 

-II  04 

1T.& 

8.93 

0.8       7,4 

EChocri 

a  s  10 

IS     1 

ISO  I 

0,74 

B,0      S,7 

A  uulD. 
A  tsdC. 

-  . . 

.... 

183.0 

a.4!j' 

n.n 

US  LrneiiL 

S  11  IS 

87   1« 

34as 

34U 

4.0      (1.7 

■f  Lmmii 

10  in  30 

so  -n 

III.! 

a.i» 

3.0      S.S 

Ti'Uoir :  gncoish. 

SA  SnuntU. . 

»!     T 

i  33 

Sinn 

0.73 

tt,l       7.3 

YelloB;  blue. 

I  Urw  UaJ. . . 

II    11  48 

as  u 

sn.fl 

1.00 

4.0       4.0 

Illnarr. 

AS  L'rm  UaJ. . 

4n  »i 

47     « 

3«.4 

9.71 

6.0       8,3 

Yiflloii :  btiio. 

08     8 

33     8 

140  0 

3.73 

6.n      7,ft 

m                    It 

U    "    

13  3S   e 

11)   a 

iilo 

3».43 

4,7      fl.3 

<■            u 

vVll^Db.... 

SS  Ccmat 

39  S« 

-0  47 

lati.a 

4.77 

3.0      s.o 

BIllKIT. 

A  •aA  B. ) 
A  and  C.  ( 

47  flit 

31  M 

SA.a 

1.43 

9,0       7.S 



1S4.7 

28fl0 

9.0 

M  \'iririni» . . . 

18  37     8 

4     0 

3i>a,s 

3.3» 

B,8       as 

Yclluw  t  bluo. 

11  9i  sn 

14   U 

3(l3.S 

I. (13 

S,IV       8,|l 

1       "    

St  4S 

37  35 

asn.n 

3.«a 

8.0       «.S 

Vtllow :  blue  or  crwn. 

E     "    

43  Kl 

10  M 

aoi.n 

B.44 

4.7       Cl« 

Yclla* !  trdrllsli  purple. 

M    •'    

a9  £1 

48     1 

JXO.H 

4J0 

n.3       0,1 

Ye1la«'i«li :  liluUli. 

IS  19  B8 

87  48 

17I.H 

I08.4S 

4.0 

A  and  8,  )  Binai^ 
&  uid  C.  ( 

-    -    -    » 

.  -w  ,    ■, 

141.0 

0.t9 

8.7       7-8 

i  iloniimtii . . . 

S8    fi 

10  0« 

llia.9 

ian 

8,0      411 

Blimrj. 

tUbra 

87  46 

-II     8 

178.1 

i.oe 

4.9       9.3 

A  and  B.  )  Binaij. 
A  and  C.  S 

>  -1  .  > 

■  »  .  . 

Tu.a 

7.0B 

7.3 

ta  S3  I 

-3«  10 

308.7 

3.4fi 

1.0      7.0 

Red:  greeli. 

U  l.)|)hiiivhi  . . 

17    7  6H 

-3«  3B 

!S7,a 

s.nK 

11.0      e.o 

a  Hi^njiiIU.... 

9  10 

14  S'i 

iiH.n 

4.fln 

S.I)       6.1 

Ypllow  i  nnooliL 

,.        '■      .... 

1»  US 

37  15 

SOT.S 

3,(10 

4,0       B,l 

7«  <)|ili1urlil . . 

AS  S!l 

3  S3 

88.7 

8.48 

4.1       «.l 

Ycllaw:  puTpIc  Binary. 

IB  40  SS 

.19  S3 

31.0 

8.03 

1,8       0.8 

! 

I*     ■'    ..   , 

4(1  S4 

afl  8» 

ina,! 

3.S7 

4.0       G,3 

F         »■ 

411  SH 

37  21t 

ua.7 

48,71 

43      A.n 

(JCpil 

19  iti  aa 

27  4;; 

Ml. 7 

H4.3U 

3.0       98 

(TtMf-n  yillo* :  hlua. 

4H  su 

18  M 

a  13.8 

8.40 

B,7       8,8 

I.ik:4i (,(,'"*>'" :  bIcMv 

1  Pnii'DliHI .... 

48  X4 

09  B8 

ai^i.B 

S.70 

4.0      7.a 

Vi-ilow  :  blue. 

so    4  MU 

30  3H 

3-ifl,7 

11.40 

ft.O       8.8 

aa  11 

ai  &3 

4»,4 

S.74 

0.0       tl.l 

rdliHTi  blua. 

sa   a 

3  ») 

SS3,fl 

O.Ofl 

fl.B      B.3 

A  aixl  B.       ) 
A.  K,  aiKl  C.  ( 

>  -  >  . 

7R.3 

10.83 

7.1 

IS  Atiiurl).... 

fi7  44 

-S   18 

189.e 

3.iin 

9.(1      7.7 

Vellnwish :  bluft 

31      1    14 

3H     H 

U5.(l 

I0.S3 

3.3       S.O 

87    0 

7*1     3 

3»0.t 

18.97 

3.0      tl.O 

4 1  Aqilftril. . . . 

33    7  41) 

~SI   40 

110.4 

4,08 

fl,0       8,8 

Yollnw;  bid*. 

sa        •'    .... 

30    3 

-17  SI 

304.  B 

B.30 

fl,n      (1,3 

White:  yellixr. 

:      ■■  .... 

ii  30 

-0  88 

884.S 

8.4' 

4.0       4,1 

Biiinr}, 

,1           "     ,, , 

33    a  30 

-9  44 

S1S.S 

40.03 

4  9       8.3 

Y«1W :  blue. 

a  Ciiniopon  . . 

113  a« 

AS    a 

3SS.4 

3.01 

S,4      7.a 

WMte:  blue 

Koib— Tbe  liga  ndiiH  <-}  l»rai«  dfcllnilluni  iUBnuf  tenth;  wIihuDt  lb*  ttgU'  ^  ^ 
■eriA. 
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LIST  OF  TB£  UORB  IKTERESTD^O  AXD  EEUARKABLE  NEBULA  ANS 
STAR  CLUSTERS. 


Ol^L 

R.  A.  IIM. 

Dm.  IMD, 

H.     U. 

0     19 

0  36 
0  42 
3  29 

3  39 

4  10 
B     9 

5  10 

e  £9 

S  SO 
0  30 
0  39 
7  86 

7  4B 

8  40 

9  It 
9  18 
9  4S 

ID     2 

10  19 

11  8 

12  13 
IS  17 

12  34 

12  36 

13  7 
13  IB 
13   20 
13  20 
13  30 
13  32 
13  37 

O          ' 

78  40  a 

40  87  N. 
20  07  a 

35  32  S. 
23  23  N. 
19   14  X. 

68  00  a 

40  11  a 
a  29  a 

SI     8  N. 

1   17  a 

69  10  S. 

14  32  a 
SB  13  a 
12   IS  X. 

36  7  S. 

07  47  a 

09  38  X. 
39   01  S. 

15  2  a 
BO  40  X. 

10  0  K, 

16  29  K. 
10  07  S. 
33   1 2  X. 
IB  4a  X. 
42  23  a 

46  41  S. 

47  49  S. 
39   16  S. 

17  tea 

2B  09  X. 

11 

u                 «1 

U                          11 

Nebnia. 

H                         U 

U                          11 

<1                   11 

•  1 

11                    tl 
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1 


□^•rt. 

IL  \.  IWI 

■ 

U     H. 
U    12 

in  as 

111  1(1 
m  37 

10  41 
IS  01 

1A  as 
le  M 

17  M 

17  aa 
17  ai 
17  nn 

17  n7 

18  14 

IS  it 

18  4U 
13      S 

IS   M 
30   11 

80  17 
80  40 

20  ftB 

21  27 
21    U 
23   20 

2  33  K. 
87   83  8. 

22  11  a 
36  42  N. 

I   44  a 

SMS. 

44  2»  S. 

an  Bfl  a 
se  21  a 
33  30  a 

3  10  S. 

23  s  a 

21  21  a 

iH  13  a 
El   11  a 
sa  03  a. 

0  BO  S. 

22  24  K, 
30   12  \, 
19   11  N 
30  17  N. 

11  60  a 
1  ■£■•  a 

23  43  a 
41    BH  N. 

u 

■( 

*( 

Vnrinlile  iipIiuIb 

it 

Blue  piBnt'tary  nehula 

To  facilitnle  tbe  fliiilJng  of  the  above  nebulte  and  clastere,  tbelr  poali 
tioDB  are  marked  ou  tbe  alar-mnps  nith  small  circlea. 
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AfPUXDIJC. 


•9  *  Pl 

■7  n  V 


c  j>  A  f  ^  4  j-l. 
g&  J-  ^  Tl  X  34  ^  B^ 
«  'H  —  ^   tl   ^   » 


n  n  r^  t 

»   7«   71 


t  ^  ^  OV  ^P 

1  ^  —  M  rt 


5*!*^ 

^^'^s 


■■=58 

o  t«  c4  *a 


St-  O  O  SI  « 
eo  «  ?f  o  c^ 
^  oi  -^  o  s~  ='  « 

V  M  A  »<  *i 


•-  ^  «  r^  w  " 


»  —  "  O  3  K 

**i-*i  et  &  ri  -PS  51 


;  ^  2  »  J  (*  1^ 

.  ■-  »  X     .  I'-  ■:: 


sii        :-« 

«   «  9    S  iC  OP  *• 

«nn  4i3eeceaD>? 

90   r-  t-  C   3   4   »  VI   H3  ^    C 


r*  &  ■;  fi  SI  c  -<  «  2  »  tc 

«  ^  ^  I-  f^  C"  ■*  «  «'  ^'  rf; 

K  ^   ^   71  01   C  ^ 
■S  Tfl   W  ^  ^ 


t     '  ■  e     =     «  n 

II  I  si    it 


S*  ^  ^*  ^" 


*  ■•fsssi 


ssss 


ssss 

94  -  e-  c' 


■S££"'a 

e       91  d  fl? 
'd  A    «    s 


«  n  91  01  #1  -- 


«  91  a  S  •- 

O  "  «■  —  o 


4  4 

4  «u  e 


■f  4  — 4  ^ 
^  ID  S  «  •- 
—  4  ■•■  iS  -rf 


C«fe  4  S.  » 
^  of  1-1-  V 


£  >?  1--  as 

S£"=3 


Sieo  o  94 

1    =  O  I-I-Ol 


5  4t-I- 


.^■ceOS       C990 


a  se  »  ^  4 
5  <e  —  £  05 

d  «  t'  *-  *' 


«t  HI-  p 


.Moooo     aess 


l§ 


^3235 


4'  »  a  3 


E  E  •• 


ss 


-ills  ns: 


s  -  ■>  = 


■  tills 

V.  S  >  U  S! 


k 


HATSLUTE3  OP  JVPITEB,  SATCK.V.  MASS,  XEPTVKE      541 


t 


-Tgfn^ 


tl  n  II  Fl 
A  n  t^  o 
t-«e  SI  R 

m  Si  ^  99 


I'  —  n  t-e 


a 


fid  2d 


•X. 


3 


M 


Ji 


<  4  o 


jTl^i 


''^ 


■  gs 


«k<o  V  «  o  n 
K  «o  oe  d  ^  A 


|4  Ussssssg; 


*,».*•*.*■  S  S^  J 


4  T  4 


.    . »  5  e- 1*  A  -- 


^  «  •«      If 

K   4   —  R  04 

t-  S  T*  O         Q 

^  ^  »|   C   ^   A  91   «   ^ 
A  «  S  9«  K-  »l  — 
At  VI  «•  '-• 


lisli 


Eh 

o 


:S 


il^ 


1^ 


u 


II 


a 


ft 


IE 
t 


SS52 

—  —  «■»■ 


I  R   —   I-   » 

T       oc  ot  »  « 


S4S 


AFPEXDIX. 


UBOSTft  f>V  TUB  RVALL  PUtTBTa 

CMUILUI   nr  t>.  T.  TODD. 


*^ 

^■tltaK 

n 

uai 

(B  r^" 

!»• 

UN 

wn 

vm 

m  uibi 

■  Ml 

l>MI 

m  Vlrtn. 

lUT 

OHUBn 

lUi 

tio)an«i> 

vm 

(11)  PBrlbanopn . 

UN 

im 

<U)Bt«n« 

UM 

l*M 

tmBanonila.... 

l»I 

im 

im 

(inHalpoBMna.. 

■m 

im 

IW>Maiulla.... 

im 

IWV 

mCtMooa 

i» 

im 

IMtTtiainM. 

IMS 

|M>PIii>caa 

IfU 

i^tiVnaertHM.. 

itn 

m 

l»lBtl'mm 

IfSt 

CmAiDphittlK.. 

IBM 

1tt4 

SlEMEyTS  or  TBE  SMALL  PLANETS. 
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<n)Roiibnw]i  ne- 
on l^iDouH 

m  roljfajmnlt. 

OqClrcv 

pB)  LtnooUlM.  ■ . 

CNtAUfunM     .. 

ODK'IM. 

«)«)U>U 

m-il-mtiWm 

(M)  \Umati1a.. 

[41)  Dt(ihM 

l«a)  )•» 

itf)Arlidnt 

(MlNfu , 

IW  K«ta>l> 


IW  DolM... 
14I>Afl>l(... 

<4B)  !■><»■>-- 
IM)  TirxiBls. 


(H)K>niiii«-... 

MBB'op* 

(mCBljtM 

(U>  Alenndn.  ■ . 

Qa)  Piudora 

(U)  llfllda 

(W)  tVuibiritU    . 

IWBIiiK 

(mKcho , 


lOllDaiid 

UaiKniM 

IWAaamnla 

INJAiipHsa.... 
WKtMl* 


(U)M>U 

(•DAils 

(MlLttu 

(»))l«>ptri>.., 
(TO)  PwuipM.... 

{n)maba 

(n>P«raato 

(n>ciTti> 

(WUalalM 


MM 
IIBT 

twr 
im 

IM 

1t» 


l«0 
tfdO 

IHI 
IMI 

isei 

TM1 
ttCI 

un 
isn 

UM 

IMI 
tWi 


ycrRnMii 

0"lilKtunldt.. 
Chamrtiic-.* 
t'haconiw.... 
Lulber 

I«U    UoldKbmldt  .. 
146    Ldihcr... 

OulilKbinldl... 

OnldKlunldC.. 

Po(!«uii 

Puumii 

OvUKtlDLdl.. 

QaJdMbDidl.. 

hitnn 

Latber. 

OoMKbaildL. 
OoutaebnldL. 
r*ixawn 

LaBMBt 

OMidMbnIdt.. 

Ulber. 

OaUlKhmldl.. 
SMrl* 


Ooldtehinldt... 

Loibet 

Lulher 

tMV    Fvrjiuioii.. . 


OoldNbtatdL. 

VoanMr 

Ouparii. 

Ttmpcl 

ThriwI 


Toule 

PoguD 

LaUiM. 

Bcbtivualll--  - 
Oold*«bBldL. 


LulbM... 
Ptum... 
Tatut... 
Temptl.. 


n 

" 

tM 

«.« 

esM 

A.Dtt 

tM 

1L)T 

*«,a 

4.lli 

&■ 

1«1 

;u,3 

LM 

■.rr 

lie 

MCi 

4.41 

1.M 

iM 

«ftJ> 

&u 

B.» 

i.n 

two 

4M 

1.11 

t.11 

■M.4 

4.11) 

(.14 

S.M 

»«.l 

4« 

i.oe 

«.ia 

nu 

4.«l 

MI 

lie 

ion.1 

1.41 

t.BI 

tot 

TIB.S 

4.M 

lt.M> 

\.m 

m.i 

l.SI 

>.ftl 

\M 

1«%9 

1.11 

t-iv 

%M 

»4a.B 

».n 

tM 

IM 

»I.O 

4.4I> 

I.M 

1.11 

MLO 

4.01 

I.« 

tM 

ra.s 

*M 

I.U 

i.f* 

M«.« 

».» 

Lit 

tie 

A»4 

MS 

l.tl 

l.Wi 

Ml.« 

4.11 

S41 

t.tl 

im.! 

BM 

kn 

l-tD 

ODI.S 

•Ut 

LIB 

1.M 

•M.S 

4.K 

LU 

t.lt 

nB.a 

4.4« 

i-n 

(.n 

n«.o 

4.B» 

1.11 

I.M 

MILl 

4.11 

(.Kl 

t.SI 

nxu 

a.u 

IHI 

1.M 

TW.O 

4^ 

t.m 

!.« 

IM.0 

4.41 

%.iO 

I.M 

mulI 

a-To 

S.fl 

IK 

BTA 

B.» 

Lcr 

%M 

en.i 

BM 

(.W 

1.10 

MB.a 

i.n 

1.0) 

Ml 

HU 

4.M 

uu 

8.nt 

»«.» 

«.» 

UKI 

sr.*i 

*M.d 

4.SI 

XftT 

i.n 

MLA 

s.n 

S3U 

IW) 

:«vi 

4U 

US 

UT 

e«).ii 

M» 

tM 

1.14 

ue.n 

4.11 

o.n 

l.tS 

TtM 

4.K 

u< 

l.W 

I0W.1 

a.41 

i.n 

ua 

«La.4 

4JB 

■.M 

1.11 

Ids.  It 

4.M 

1.4R 

ISA 

KllB 

III 

u.iin 

IktM 
0.161 
DIM 


% 


tw.o 

SIlO 

111.1 


0.09 

nv.a 

iLidii 

»4.l 

O.»o 

iim 

o-aii 

•  0,1 

n,i» 

HI. a 

D.ae 

I'l.i 

ftooi 

11D.1 

D-IW 

lOT.I 

D.1M 

no 

AIM) 

104.1 

S.14I 

1L1 

O.IU 

»4.0 

&100 

M.I 

a.nu 

1§f.« 

CI.1II 

1H4 

MU 

W.O 

0.101 

144.1 

o.in 

>s.» 

O.IM 

t]U.4 

0.113 

in-t 

0.110 

1MK4 

O.IM 
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IIKIIAIIK^  UN  TlIK  ntlKKniNO    KLKtIENTS  OF  TllK    ri.A»rr& 

Jfiuan. — TliH  luftsaUB  of  many  or  Ibu  jilnni'M  an  slill  viir?  titiNrtata, 
WcaiiMi  oxncl  nlm't  vat  inns  liav«  not  .vcc  Ureii  maila  long  ouuRgli  t«  per- 
lult  or  Ilii<ir  knltxWliiry  ilciturniliiull'in.  Tlw  tuum  of  Mercury  luaf  Im 
(<Mimal4id  iM  utict-rlaiii  by  |  of  tin  I'lirin.'  nnioiint;  tlint  i>f  Man  by  ^; 
that  of  Vi'nna  by  ^ ;  iIkisi!  of  I  lie  l^iirili,  L'ritimo.  niul  Nv^itimu  by  jJn ; 
while  tboM  of  JiijiiU'r  ninl  8:ifuni  :iiv  |>iubably  oorroct  10  i^g. 

TIm  raluc  of  tli«  pai'iti'x  M'i»«  wbLi^li  w«  liave  glvnn  tl<H»  not  IticlaiU) 
tliat  of  tho  inooti.  Tlio  niiua  uf  tlio  latter  U  estimated  at  gi^  that  of 
ibocortli. 

Tbo  mateta  vf  Jiipil«r,  tfatiini,  L'nuine,  antl  Xniitiiim  wbieh  wo  ban 
cited  nri!  all  durivei]  ri-iuii  ■>bHervntloTiii  of  tho  MkU-llilc*  uf  iIichi^  iilnnela. 
Tbo  EUMMiw  (1i.>rlvc<1  fiviri  tile  |Kirl>irbntlonii  ef  (lie  pluii^Ia  i1i>  ti'it  illlTor 
froui  Iheiii  by  nnioiiiila  ■■icei'illiii!  the  uncurluinty  orttii.'  lirtiMTiiliintiiiiiii. 
Tlie  inmt  nntvwnrtliy  ilflviatiou  U  iu  tli'?  eiuw  uf  Sniiini, uf  nbitU  I^rivrr- 
rier  lias  funnd  tho  iiiuib  tii  lie  jihm.a  nunll  eiitirvly  iiieoui]iolib1o  nlth 
tbo  ob«orval)uiiH  of  the  liilullilMi. 

IM4tiietm. — Tlietui  an>  itlwi  iiiioertBin  in  many  ciwea,  eRpneially  In  tlnwe 
of  Ibe  outer  iibiiida,  rranii*  aiul  Nv)iiuiii:.  Tliu  dimutiiu  nliioli  wn  have 
wai(iicd  to  tliMu  luil-moiilioUEil  iibkiielx,  ilniii'iiilinj;  uii  (Iieir  Dinaw*  atiil 
<liaiii*l4fni,  miut  bi>  tet;ar(lvil  tut  tiiiirei-lfiiii  by  bnlf  tbclr  rut  Ire  aiuuanta. 

miiplte  Slriutuiii.^Ot  Itiese  it  iniiy  be  naiil  Ihnt  in  general  they  ftni  very 
secumle  fur  tin-  [ilnnetn  nonmit  thi<  min.  but  Jiinioisb  in  imcUlon  na  no 
|[a  outwaril,  tli<»>n  «r  N'<.')itiine  btiu);  ibiiiblfiii  by  one  ur  uioru  minutea. 

SUtnenlt  0/  ih  Small  i'/iinrf*.— TIkwci  nrc  (inly  given  approximutoly,  i& 
nnkir  that  the  n'luler  uuiy  »ne  (bn  RlnTloiu  of  tho  grnnp  nt  a  glauc*. 
Tliey  are  niuatly  lAkeii  fruin  tlio  Sa'linw  JttroBomiMhn  Jahrbutb,  wliiac 
(•ivos  uuiiuiilly  lUe  Inlnut  cU-menta  kuonu.  Tlie  cleuieuta  of  tlio  tireiity 
or  tliirty  Uat  one*  ore  very  uuoiirtaiu. 


TifX  foIlowiDg  li  n  11(1  of  the  tUra  tli«  |iniii11axM  of  wlikh  ura  known 
to  b«  hivi-kifguii'tl,  wiib  tlie  imuIis  obtaiiiul  by  Iba  iliETemiit  iiiTcMiitK- 
li>r*>  Thi>  ^*an  an  Knoorallj'  tlioMi  in  wlildli  tliv  ubMrn-atloiw  ore  aaft- 
(icwmI  to  linvo  bciMi  iDndi',  but  lu  tW  (uwo  of  otio  or  two  oT  tlie  oatlirr 
■li'ivniiiiiaUniia  iboy  iiiny  Ik>  iliiMie  of  tbu  piiblicntiou  of  tvanlia.  Iti  ibe 
rrfcccTiucB  lUa  fulluniiig  iibbivviuliuiiii  nut  iikoiI  : 

FubliaiUoneii  ilrr  JtfruniiinMi'JrvH  GiKUrfUoJt, 
AifrvninuUfhf  XwhrieMlrH. 
.  Matiiilibfritlil  (ff  Mil-  Uvcliii  Acndeinj'  of  Scieiioea). 
Complf*  KmiitM  {lit  llii-  Fiviiub  Acnduiny  uf  Soieiioua). 
.  /larruNiniif^iit  "btr/'ivifJun,  rtc,  at  IHininnk,  li.r  rraiiuU  UrUniMW. 

•i  I-ni'lK     iniUllii.  \>n\}  and  Xm*. 
M/latujm  ytiilli^iiiallqun  rt  Atlroiigmlqtm,  AcaiUmir  dt  $1.  IVlffft-J 

boarg. 
.  Mtmlhly  Sutii'ct  nf  Ihr  Hojinl  Atlrtmoiutail  StKwty. 
,A,S.  Mrnmir*  ></  ihf  Hojiiit  Atlrvnoninil  fweieig. 
.  Mfmofrn  rfr  I' Aniil/mir  tie  Scietitfi  rfr  SI.  rHm'tbourg. 
.  Bm?Hrtl  rf™  il^nioii-et  rfm  Jflrovamn  itt  t\)iiU.tnpa,  pithM  jwr  IT, 
Struve.     Si.  IVlcinlHUlrg,  |H53,  vul.  I. 
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BYKOPSB  OF  PAPEBS  0\  THE  SOLAR  PARALL.Oi.  18M-T8. 

Thi-  rnllowEng  In  believed  to  he  n  nearly  complvte  list  of  Ilio  di^temil* 
nutioiiH  of  llio  »i>Inr  parallai  wlitcih  liarw  niiiimitid  «lnte  Ihi'  diiwovtr/  of 
llie  cirvr  uf  ll)e  old  |MruUux  in  IBM.  Ho  jiiiiu'n  linvv  linnii  iiicliiilrd  ex- 
Mpt  ltii>M  wbidi  ndalo  liiitiiiMllatcl}'  tu  tlic  deicrniiunlioD  iu  qu«atiou. 

1.  IlASHKX,  1«4— .W..V. B. A.8., XV., pt 8. 
SlnliTiuoDt  Ibnt  be  Giid>  llio  vurfflcteut  oftbo  purnllootia  equation  oftfaa 
nnun  to  b«  l'2S '.TfKJ— A  value  greuter  tLuii  lliiit  iliiluui'd  rniiii  (he  auiut 
parallax  lui  giVDU  hy  Ibo  IraiialUof  Veiiiia. 

a.  iJtVKiuiiKR,  IWW— JHBnyc*  (le  I'Obtfrralotre  ite  /'art*,  Iv.,  p.  101. 
Diaciiiuiuu  of  solar  iminllnx  ftnni  luiiur  eqiiallou  of  tbc  enith,  G'^iBS 
8~JK.     (In  tlt'n  iMper  Ur.  Stoiiu  Lim  found  liro  iiDiall  iiiiiuerioul  errom 
CotncUiiK  IlitMii,  there  raaulta  S".IG.     Tliei-e  it  alw  ii  doulil  nboul  tbn 
Umctj,  wliicl)  fliigbt  Allow  iLo  rMiiU  O'.K.) 

3.  FOCOAI-LT,  ie^—Comple»  Rmdiu,  It.,  p.  501. 
Bsptttmeiital  det«nnliMt)oa  of  tUu  velocity  of  li^lit,  l«a<llDg  to  th«  v&laa 
•f  llM  Ml&r  ponllAX,  B"J«. 

4.  HaLi.,  1^— n'MkfMijfuH  Oh»crraUoii»for  IMS.p.lx.  ^ 

fiulnr  pumllax,  dediieed  fnim  obnorvotiouit  of  Munt  iillli  equatorial  Ui- 
urimiuiila^ln  IMt:  nuilt, IJ"3415. 

6.  FKROt'HON,  1*B— n'<M*tirv't«  OSKfMdwM Jbr  WW,  p.  IXT. 
8o1upaTAUiu,dudneed  fniiii  obtieTrntiooit  wiA  nerldlan  iiistniioxnia  at 
n'»sliiii}Ct<iii,  AlUauj,  anil  Saiitingo.     UesiiltM  various  and  dincordiuit,  ovr- 
lug  l«  iiicoiiiplvteiwM  o(  tba  work. 

6.  ftmxx,  1863— .IT.  X.  B.  A.  A,  xxilL,  p.  IKl ;  lUm.  R.  A.  S.,  xxxlii.,  p.  U7. 
DitOiUBtnTi  uf  llfty-ei|;lit  comwpoiidiii);  oliH-rvnli'iin  of  Mim(tnciilj'-<iIM 
pain)  at  Orc«uwlob,Caiie,aud  Willliuuttiovrii^  Ivuliiiif  tu  B'.MX 
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7.  Hitmi^iHS— j/.x/r..ij<i.,»iii„i>.«ta 

OedDCtian  of  Uiovilnsff'.S?  fram  tbv  puriilUciH  iuoiiualilf  of  lliotnootw 

S.  Hakskx,  lS6S—M.y.B.A.&,xx\y^f.S, 
A  mare  aceumUi  «cmptitBlloi>  from  ilio  mamn  itiiU  give»  H"^I£0. 

9.  Wlixbckk,  1863— Jitr.  XkAr.,  lis.,  col.  261. 
CompariHoKof  ln'riilj'-«[x  coiTMn>iuiliii^uli«Mmliaiia(lhirt<HiDiiaini)  at 
PiUkoVft  aud  Ibo  Cn]iv  of  Good  IIoihn     Purall»s,  UrML 

10.  PoWAUiT,  1804— Doelonl  DiMurlntioii,  trnimlBlcd  in  C(wii«lMaM(v  da 

rrm/M,  ISjT. 
riiiciiwioD  of  tli«  traiMlt  of  Vi-inin,  nC&.     Ii«Mlt.e".839,  or  trJW  wli«a 
tliu  loiijiludoarCtiBppe*l>talioii  Is  li-ft  aibilni^. 

11.  Skwk,  iser— Jf..V.fl.J.&,xxYii.,|-.239. 

A(l«iilioii  (llrcclnl  la  a  alight  Inch  ofpnclalon  In  HmiMira  Gni  paprr 
(No.T).  Duiliirtlon  bUo  fVoiii  lt«  dbla  of  tllo  roanlt  8"J16 — ■gn«liig  wiib 
tliBt  Itom  IIiuiiwn'R  *ccoDd  pn[ior. 

12.  Sn>»K.  laff— Jf.  X.  B.  A.  a.,  MTii,  p.  £11. 
Csmctloii  of  oiiu  of  tbc  iiiitnerioal  trron  in  LeverHer'a  (MenuiDnltoiL 

Bcmlt,8-'.m. 

13.  8TOXK,  IS67— Jf.  .V.  ft  w(.  &,  xxvll..  p.  971. 
Detrrmiiialiuu  of  tlio  iiuTDllactic  iiic(|UAlUy  of  tho  moon  from  SOTS  ob- 

Mrvali<iu»  ut  Ufvuuivioli.    Itii'iiiiAlli)-,  l^'M.    Sobr  panLlliu, 8".ffi. 

14.  HKVUOva,  lUer^lfaMngUtn  Ob^rmttitm*,  1H5,  Aiiii«i>4iK  II. 
OiaciisHioii  iif  Ilie  priuvipnl  iiiclhodii  rmploynl  In  (Mcrailnhix  th«  Mlw 
pknllui,  1111(1  iif  nil  llii?  irii'riiHiiii  ubiwrvaUouii  of  U*n  iluriug  tho  oppoii- 
tlOO  of  ItWU.      UCHIllt.  tf  *31«. 

U.  SKWK.  Ivej—At.  .V.  ft.  A.  8.,  %xy\\U  p-  «l. 
ComiiBtUon  of  Konconib'n  nuO  Lcvvrrier'!!  detprmiiialioiu  of  ilic  wlw 
[HU&llu,  l<>adiug  tu  the  detection  uf  anolbor  maall  crrur  iu  llio  latter. 

llj,  Stoxk,  1*»— V.  .V.  /.-.  A.S.,  K\vlll.,p.S65. 
RcitUriiiwlnri  of  tlio  obMrTatiutu  of  rliu  ttniiiit  of  Tmhw,  17Gtf.  Only 
obwrvatioiiii  of  iiicroHti  and  f>gnwi  at  tho  snmcKlatlon  nntuuil.nnil  ccrrniii 
altoifitioiiii  ani  inailo  in  (lie  iihiiiiI  iiilvr^iivlitlioii  of  Ihe  oI>Ben*nltcinii  1-jr 
Chnpjie  in  California,  and  Cniitala  Cnok  iiid  liU  ooropauloita  nl  Ouht'iM 
Ttw  roRnlt  of  tliMH  olicnttiou*  U  that  the  paralUi  ia  inorcaicd  t«  tTJfl. 
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17.  Kkwcouh,  ifm—M.  .V.  Jt.  A.  8.,  zxix.,  p.  B. 
Cillidnnof  Mr  SUiun'M  intctprvtiitioii  of  Chappe'*  obicrTatlvn  of  «gTM* 
hi  lTi». 

in.  &iO!ii!.lB68— Jf..V.R.J.&,xsix.,p.a. 
Rfl>1f  U>  tlw  jincoiling  paper. 

,  IB.  Fayb,  imt—Comptr»  Rendu;  IxviiL,  p.  t2. 

damlnAtlon  of  ilm  oliirrvnlloni'  uml  icit><n't>^l"t'i7>i')  in  Mr.  Slon»'a 
yi|wr, cuiiclmllnK  ibnl  nil  Ihnl.  no  can  ili'vldr  riutii  llicM'  olwi'rvAliuiiB  it 
thai  thu  mlar  ponillux  U  buto'ven  8".T  niitl  8".9. 

an.  Stomk.  i«co~if,  .V.  w.  a.  «..  xxis..  p.  aae. 

Bvply  topRfc,  crIllclMiiof  Pownlky'iipapi<r,aii(l  (Viriliiit'UiiH.'ii(HioiialiaT- 
tng  for  thrlr  ol^not  lu  idiaw  Ihnt  iho  rutilU  of  lii«  paper  nicmn  nllh  Um 
Kattcnd  obaomtiuo*  of  iugnwi  auil  egtuM  ui  Kucope  aucI  Aiuurica. 

»i.  AsoJIYMors,  1^69—  HartrtJahivKhiift  ilrr  A»li:  Gftrl.,  W..  p.  IBO. 
OmibtbI  review  of  rucont  pn|H:n  aa  Ibo  nolnr  pnfalltii,  ilcnllutc  more 
MpoetaUj:  wilb  tliu  vioik  of  Stopt)  and  Poiralky. 

Sa.  PowALKT,  l«0— .<»fr.  Kaekr.,  lxxvl.,coI.  161. 
From  a  moouiI  diacudHOiii  of  (lie  iranait  uf  Vcunii,  1709,  lie  dedocos 

S3.  PowALKT,  IWl— jWr.  SircJir.,  Ixslx..  e»l.  SS. 
FVoin  ttin  inaK*  <>C  l.lii-  rnrlli  M  fiivcn  liy  Ilii>  motion  of  tliu  oo'ltt  of  Vcniis. 
8".77.    1)1)1  Ibc  luliiplvil  tiiiuiDorVr-iiiiaoiitcia  liilo  Ibc  Kaiilt  in  auiib  a  wojr 
■■  to  inakfl  it  ilraul«11x  niimrtaia 

M.  Levkriiisk,  Ii^—ain)il(«  iCmda*,  lxXY.,p.  165. 
Di-l<Miniiiatinu  of  tlin  Mitivr  pnrnltnx  frnio  tlu  iiiiuw  of  (lii>  ourili  aail(>riv«Ml 
ftniii  'hv  niutioimuf  till'  pliinptii.  mid  lli«  dlminutimi  of  iliiMibliqnlirof  tlio 
«cli|iliu.  Kiuiiilt,  rt".86.  (TIjh  divtiiignialiiMl  niitlior  uf  lliia  pii|H't  doca  Dot 
(lUliiictly  •tnU<  In  n  lint  way  hn  )iit#  nlUmod  for  lhi>  Turt  lliut  it  !■  Ibu  evm- 
liiiii'd  ninai  of  the  oartli  ami  moon  whicli  ia  ilcriTod  fhitn  llin  |wrtiirlmlluiia 
of  tbi!  plnuota,  wliilo  it  in  tlie  niuu  of  tlie  oiirth  oloan  wlikli  Piitcr*  ii>(i>  llio 
Ibrniula  for  the  aular  iiuruUax.  Ilia  prmoulnliuti  uf  tlii!  fnriniitiG  ■eutua  to 
tiirvd*  all^blcarTc«Iioii,wliiulk  will  diiuiuiiib  tli«  parallax  toS'JSS.) 

Si.  Coiixf,  I'*T4-7tt— ,iBBn((!« rfi"  robtirfaMiY  rfd  Puri;  xiil. 
IInl«tvriiiiaalioii  of  tlio  vclwity  of  li^bl,  lcudiii(t  to  tbo  pnralUx  a".TM, 
It  StriiVf'a  coiistftul  of  abotnttiou  (VU".  4-I&)  ia  uacd. 
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K,  OaU-R,  I^JS—BrtMloi,,  Uarmiriitr  .T  BtrtniL 
"U«beT  ciii<>  Ur^stiuiuiuut;  ilrr  ^Diiiii.-ti  I'unillaxe  uiu  tomcpoDilireiiil*!! 
ileobncblunipMi  Ar*  tl.iiieUii  riiira.im  Orliilicr  tinil  Kuvv lulH^r  IP>3L"   IM» 
cnaiiioii  «f  obovrTatioUH  nindo  fit  iiiiiu  iinrlliiMii  utiM«i'iUirtM,  aud  IhD  C4|i0, 
Corduttn,  aiid  McHJonrni^  in  tlic  (outbvrn  huiiiutilMas.     BtaiUl,  tr'JJJZ. 

<T.  rviseiTX,  lt9&— ('«mjilM  A«HdM,Usi,,p.933. 
CMnpntiitioii«rroiirf-<iiiliu-I  iiliM>tvulti>liH  of  lll«  IruihII  oTVnBlMin  ICTI, 
auuile  nt  IVkiiig  uiil  $t.  ruiil'n  [■lunil.     Itomill,  tf''.^>9. 

38.  LjxdSat  ADtl  Giu^  ien~if.  A'.  R.  A.  S.,  xssvli.,p.  308. 

Kfflliictiou  ar  obiervntjimii  of  Jiinn  wltli  a  li('lioinci#r  at  Maariliiu,  la 

1814.    Tlio  imbU  U  8^.766;  or  S"Jtia  nlien  a  dUootdikiU  olxicrvalUia  m 

£9.  LrNIMiAY  and  GtLi.,  i^TJ—DaiiKliI  Obtrrratars  rMtmlion*.  ii. 
ObuTvutiotu  aud  ducuMiou  fniiu  nbkli  tlm  ]irau<>cliu|;  mult  ia  d*rir«d 
givfu  ill  full. 

30.  AiXT,  1877 — GoiwiMmt  Hfport  on  tkr  TcJtaa^to  OfrnmiNou  v/  iJto 

]IVnniiJ(  of  IVniu. 

OliiH-rvnfians  of  contocle  luudu  by  tbi-  Biiluli  cxjicditiaus,  unil  piwlitnl- 

nary  coinpulaliuu  of  tbe  ruauIU  for  tho  aubir  pMolliiS.     Tbu  rMalla  giren 

oil  pa^*<  7  nn>: 

rmm  nllllieobMntiUoi]iofli>2nK.   r=t".1W    llt,=nM 

From  III  lie  olwmnLlDiu  et  «)[IM« •=6'.MJ    in.=lW 

Com  bland  reaull ■'f.IM 

31.  Aiitr,  l^n—M.  A'.  K.  A.  S.siKvllU  p.  11. 
itnrt  complete  diMUuiou  at  tlic  BritUU  cibcCTfatiuiis  leoditig  to  tba 
mriui  rwult,  S".754. 

3*  aioffl,  lera— jf.  y.  n.  a.  s.,  xxsviii..  p.  «ft 

Anollii-r  ili*riiw>l«Ti  of  ()io  otnturvntinii*  contain^  in  AiryV  roport  (Kow 

80)  iMdliig  to  tlio  foUoniiiK  cDtinilj-  iliObictit  rMult«: 

Pmm  obwrraUoni  at  Ingiwa K^-.Mihto^.lUx* 

rroinobMrTallan(ot*Kr«n v=t^,tin)±i>".I»x* 

fton  aU  Uie  obKnoilou* *=i'.nf4ti>"-»tx* 

33.  Cattais  O.  I«  rvrxus.  H.  M.  A.— .V.  .V.  S.  A.  S.,  sixviii.,  p.  -at, 
SlatcniDiit  tbnt  tbo  iivntiniMit.  ufiasrcMi,  oh  eiliibttol  iu  the  PatliauiMil 
UTf  Kuporl,  icciiii'd  iinimtiBfaFlor}'.     Tbo  fuIlowiDg  are  bis  flaal  fnoIU: 

Prum  obaervntlonf  nrinRirH ■=»".SK±«''.M> 

Fniia  Dl>RrT4lloiii  uftinvaa. ..■*<■•*.**■ «a**«.Tf$".TVfl±f>"-0C1 

Prom  kll  Itig  obHrrgilaiu • • v=»"iAlUA".l>l 

Nmr.-ln  Ihii  i.rrrrritnK  Unl  IM  ■bbrcilntloD  Jt.  K.I^J.S.  Hprcwatt  Uia  MtnlUf 
t'gtta*  If  Che  Ao]iaI  Amrunvwleal  SuoHfu  iif  Len^an 


IIST  OF  ASTB0X0.V1CAI  rrOBKS. 


IX. 

L13T  OF  ASTRONOMICAL  WOllKS.  MOST  OF  WHICH  HAVE  BEES  COS- 
i;ri.TED  AS  ALTIIOKtTIi:!)  I.V  Tll£  rKi;E-AU.lTt«iX  Of  TUK  PItFJiEKT 
WORK. 


Tlio  follm 


CoiiiprJMu:  1.  A  tew  ot  tUn  IppiItnK  works  nf  (lio  great 
UsIrotionHrni  of  lllo  pnBt,  iiiid  of  (lii>  iiivuitigiitnni  of  tUv  piviHMit.  arrunjtcil 
tienrly  in  ilio  order  of  time.  In  lliu  cnan  of  wcirlu  lii'furd  IfWt,  tlir  nap- 
potcil  (LiW  of  eoupocdllo)],  or  Iho  j«tm  wltliiu  wliioh  llie  uulliur  fluur- 
ijklioil,  arc  i^veu.  The  litt  ia  prcsniilvil  for  tlio  beiivHt  of  tlintio  U«iiliera 
mill  ^tIl<ll!t]ts  iThi>  v/'nh  ti>  bv  iii'ijiiaiiili-il  niih  tliFso  Aullioritk'*,  »n<l  cnn- 
nnt  rofrr  tn  nicli  works  an  llic  BMiofrapkie  Artronomlqur  uf  IjiIiiikIu,  or 
tilt  I'ulkowii  Ciifu'(>i;ii<  LibitiiHin. 

E.  Modem  telcKapie  rracnrclies  upon  tlic  phj-nicul  aapccu  of  Ibn  jilniiota 
whivli  have  Ihniu  employud  iu  (lie  iir«|iuratioii  of  PnrC  IIL  of  tbo  plieaeiit' 
Work. 

3.  Recout  works  on  siiMlal  lUiiivrtmonM  of  luttrouumy,  wLiicli  may  IM 
Dwfiil  Co  llinio  wlio  irliib  lo  piimic  •p«cial  nuhjrctit  wliU  );r«iilm'  fuluGM 
thiui  tliAt  vcitU  wliicli  tticy  aru  treated  lu  «l«iii*!iitury  wuika, 

111  llie  first  two  clnRu-ii  tbo  Mkrtloii  l«,  for  lb"  inctrt  jmrl,  llmltMl  to 
iTork*  nliioh  have  Ikwu  i-uii»iillt'<l  aa  nulliaritica  in  tlii-  pivpnniiioo  o(  lliia 
trpflliM>.  Ill  tbo  Giuo  of  lIcvetiiiK,  ImufviT,  wnio  wrlllngo  nro  iwlilnl 
nbkb  1  bnvo  uot  iiaoil,  nor  uv«ii  mvii,  willt  llie  olijoct  of  mnkiiig  tlio  lUl 
of  bii  lar^r  wui'kn  imiii)ileli>.  Wniliipi  irhifb  baru  iippvnn^il  In  purioit' 
IrsU  mill  Ilin  trniiiinclioiiii  of  Icnriml  unclctiiw  utv  iincemoi'lly  <miitt<id  from 
Ilw  list,  owing  to  tliclr  (jrxiiit  miiiiiUit. 

TIm  i>rlo«8  ^lT«n  for  Minio  of  llio  olilor  biwlu  are  tboM  Ibr  which  tlioy 
ore  commonly  «i>ld  by  Antiquariftn  dcalets  ia  Ocnnauy. 


H.c. 'J5i1,  AitlfTT.iRclirs :  Be  AlagnitniUnibiutt  DulanHh  Soli*  rt  t.nvft.    PiM, 
y..7i.    81. 

A-D.  IM.  PrtiLKJir.  Cijifwc :  MKPaahs  miTiZRox  BIBA.  ir.conimoa- 
ly  Fnlli>d  TheAtmngal. 

Til*  iiio«  n-euul  I'lliiioi)  In  by  tlip  Alilrf  llHtinn.lii  drwlt,  wilb  Froncli 
trBiidlaiioii.    Twu  vol>.,  4tu.     Pntis,  1I>I3-'1U.     Commanly  ivtli  for 
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ALKATicnxilt :  Ih  Seinlia  SUUamm  Liti^.     Bonu,  tS4& 

CurKiEXiciTf:  lir  BrTolvtioHilni*  Orbium  CvlatiMn. 

Tbf  flrtt  cdlllon  of  tin-  fcrokt  work  of  Cop«ro1cu*  l»  miv.    Th«  McoDd 
Two  Una  cdUioni  bm  biwa  puUltliail  la 


'br  flrtt  cdlllon  or  tin-  crokt  work  arCop«roi 
lUui'l,  IMi)  lelU  Tor  H  Two  Una  cdUioni 
4lctiuun]r  in  ri-ctul  time*.     I'lUx  t'  lo  VIOL 


1S0T.      TVCHO   BlUIiE :     Atinmoniir    tHutuuralm    JAehanlos.      Noribvfg, 
leOi.     (3. 
CoalAiiit  ilocrlptlun  of  I'vclio'*  limlrunicnUaiidnieUiodiorotvorftaC 
jftttanotnia  iHHauraltv  /Va^iNfltumalU- 

I         /)«   J/Miiitl    jJilhrrri   Urre^tiori/nit   I'liaTtoniniit.       Frank' 

fori,  1610. 

Tbn?  tao  votuinvs  f;aiii;nil1jr  fn  uiidvr  Ui«  (itk  of  lb*  rormtr.  A  UUr 
ccllIloiitlOift)  viu  iHuvdunclvr  UiuUlUlmdlllBlillaClprnitMiiild.    TiM 

M'illliic  \inciz  b  tfi  for  ttio  two. 

1B30.  i     Tolii.,6vo.     Fmiikrort,  l(C8-7t. 

A  reccol  and  coinplcU  cilUlon  of  Ki-iikr*!  vulumlncini  wHIIdkv  Mc« 
IVoni  tdS  1(1  l>iu.    Odionilly  cbcapcr  at  »ec(ind*hiii<l. 

1690- {  GAiJLen  Galilkii   Oiinv.     13  vdn.,  Dvu.      Uilun,  leil.      Pcira 

1630.  (     about  m- 

A  uiurh  boiler  alltion.  |)ublUliDd  In  4to,  AboDl  IMS,  !•  mon  oxpcoilra 
Galileo  wrulo  uUuusl  untircly  lii  IislUn. 

1603.      Batbb, JoiiASNKS:  rranamrli-iii. 

Biror'a  cclebnilcd  lUr'chnrla,  In  whlcli  tho  *Un  ^fre  flrnt  tuBod  yVh 
Ortdt  leiun.  Tbnw  or  ihok  ciIUIoiih  wrrv  nulillatiod,  tbv  ttcotti  be- 
ing 111  10(6,  lb<  third  lu  ItWI.    tS  X. 

RfccioLrs :  Almngfittum  AVnui.    S  vols,  in  oll*^,  fullo.    Bonn,  t6&I. 

AtlfviniiKia  Jtr/ormatii-     Folio,     Bonn,  1866. 

Two  anblUon*  nodui,  ronMrkabl*  nthor  for  Uioir  volunilnonnicu  Iban 
for  Uialf  vtloa.  Ilia  autlior  hAiin  an  occImImUc^  bad  to  prahM  a  dl*- 
bellff  In  llic  Copemlcsn  *jitein. 

1630.      UrLUAUifo :  .Iffrnnnnk  I'hilnlaiKi.     Folio.    Pariti,  ir>4S. 

The  Int  thn-c  works  niv  cited  m  probably  tbe  moit  irolanilnoa*  rami- 
iwndluin*  i>r  ii*tronoin;  of  tbe  atfivotcentb  ccnturr.  Tbcy  tarn  all  ba 
purcbatvil  Tur  t^  or  (4  ach. 

1$11.      FAniirni.J.:  Itt  MaeMlu  in  Sole  OUnvaOt. 

i6fiS.      BoKEixi :  D«  Vero  TtlacopU  fvrctiian.    Hitgna.  1GS6.    $1. 

•fflin   J  HEVKUirs,  J.;  Srirnonraphia,  »ire  Luna  Drtaijilio.     Folio. 

Till:  rarllMt  errat  wurk  on  tlic  i;i'i>irnii>liy  of  lbt>  moon  ani]  Uie  aapvct* 
of  tbc  vlau«li.    Pronusly  lUiutnitcd.    M  to  •&. 


LIST  OP  ASTtlOSOSllCAL  fTonSS.  W7 

nKV8i.U-«,  J, ;  JHereariuM  in  SoU  FfiiM.     Folio,  1003.     (I. 

CunUin*  nUu  Itorr<»i'K  '>l)»«rv*tlnB  ortbi<  tmiitltor  VpimtlnlQSSL 

<Vfnuilo<rrrJjiA(>i.      VnUo,  ItStH. 

The  Ont  ^nt  tuudifm  ImUK  un  the  lubJHrt  or  coinvte. 

Mnehina  CirUitiii,  Van  Prtor.     Folio,  16T3. 

Cotitalni  dmcrlplion*  of  bit  loitranMuUvODd  a  dhqultlUoa  on  Uiepiu- 
tlM)  wtfnaomy  of  lil*  tiiuv. 


Staehiva  f'irlatii,  Van  Pinlerlor.     Folio,  1C7t). 


A  vcTJ  r»Te  liock.  nliuoit  llic  i-iiil™  fttlllon  liavlnj[  been  dcttrojcd  by 
An.     A  copy  imt  luld  Inr  f.'i»  lii  1M?J. 

AnHna  ClimarifncH:     UniiUic,  lOHJ. 

ProOroinut  JttrouoiHt*.    DauUic,  WOO. 

/Irmamimlnni  SnMnWanHin.     Ihviitxic,  1A9D. 

Tlirai  unrkt comprlsv  BtAri-ulului^uiv. ilur-iuupi. etc.    (S  U. 

W       Htironxxs:  ^jytfinna^lMiiiiMni.     Hitgiii.-,  1659. 

" tToroUigium  Otriilalariiim.     Piirm,  IfiiM. 

Tlis  latter  work  conlalna  the  Dirorr  of  Ilie  jicDdulum  t-tock.  Tlio?  two 
■nd  mcwI  of  tlic  oUicr  tni|iurlint  w»rk>  of  lluyicln-iin  ucrc  put>iUliuit 
In  lj;i(loii  In  ITS),  undvr  Ilio  litln  of  Ofirru  .VivAitnfiii, 'Mnnrfi-^ix,  ^t- 
fruMoniica  fl  Mmfldnra.  ui)Ui)uallj  ill  four  Tciluiiun.  Iiut  Ibo  poglnK  1* 
coiillnociiis  thronshout  Ibo  aorlw,  tliD  total  nnmlwr  Of  iwffM  Mliiff 
JTO.    U-idon.  rai.    $S.  r-,  ■ 

1697.      N'kwti>.v,  Isaac:  I'Hilmojihiit  yaturalu  rrineijAa  Mathematita.    4M. 
Loudon,  10^. 

A  DUtntrr  uf  «d!llonii  of  Nowlnn'i  Prlnriaiii  liavc  aiipciin<d.  One  of  tlio 
mott  cominon  [s  (lint  iif  t.v  ^llr  and  Jflr<]iiUT,  S  loK  III  4.  (.li'iirva, 
1T39.  It  l>  nccoinponlciJ  by  mi  iTilviuli'd  cum  men  la  ly.  8<tlli  r»r  ;ilioui 
t*.  Avery  line  citiUoii  wiw  luiwd  in  Itffl.bj  Sir  WilllunTlioninon.  In 
UIiuKuv.  Tlwru  la  alio  u  Engliih  tnn*Utloii  by  Jlotlc,  vidch  bu 
KOnv  tlirouKh  aeritral  Edltloiw  In  EnjflaEid  and  one  In  AiuRrirn. 

Hrbw^tbr,  8m  D. ;  Uemoirt  Df  the  lifr,  H'ritinp*.  awd  IHia>r(r(t» 
a/  Sir  hitae  Sm'tiin.     8  voU.,  8vo.     Ediiilmruli,  laSS. 

17120.      Ft^Mi<Tl;i:ii,  J, :   Uiiloria  Calftit  Biiiaimkii.     3  vol*.,  fulio.    Lnn- 
iloii,  ins.     (10. 
ConUlu*  Flamilccd'*  obiwrvaliaii*  and  aliir-citalogue. 

JTW.      HuxcinM.  v.:   II f peri  it  Fh«tplmrl  ncrn  Vhinntmeiia  ilrt  Ohwrrw* 
,  llonM  itrm  Vltinrlam  f'mtrS*.     Folii>.     Itonii>,  IT'if^ 

1740.  CAtsnn-  SUtBeiuifAttronomie.     4to.     Paris,  174D.    tl. 

1741.  WejDLER,  Jo.:   ilitUnia  Atlimomia.      Suiutl  4tu.      Witt^mbcrg;, 

1741.    t>i- 

BkjikouIlu,  Jouk  :   Optra  Omnia.    4  voU,,  4M.    I^OMnoD,  17491 
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Lk  Uonmieh  :  tA  TMhrit  ite  Comila.     1  vol.,  Sto.    Fada,  I'lX 
«1. 

Kant,  luMAKCEt.:    SHtri/Irm    tur    FhfiMnn   Ocofrapltc     fira 


neO.     Tutuufi :   l'Mi^Mt;n>jih>G ;  on  TtoiU  Uitlwiqiu  H  TMoriqmi  iTm  O 

miUm.    S  vol*.,  41a,    ParU,17KI. 

Tbu  ipoil  coniplctu  Iibtorlval  and  Kuoeral  Ircatlte  on  cumcU  wlilch  bta 
npiiiuitvil. 

17d(k  /  Ua'.LI.V  :    IlitUin  dc  I'.ttlrvuomir  .Inrlrnur  iJijihIi  tnn  Orient  ^wiTi(*l| 
171HI.  (      retabliurmcHlittrEcoUiTJUjaxarU.    U.>1..4to.   fuiia,  ITel.  410.1 


two. 


tSlT. 


'  Iluloirr  (l«   r.lnIivi'ci'iK  JVifdiriir  rfrjiNl*  ta  /omiaJiMi 


r^iKiIr  ■rjlcniNiri'irjN^qH'd  I'F.pv^ue  de  MOtCliSX.     3  v«Ia^4tg. 
I*mi«,  1779.     «(1. 

— TtaM  dt  rJitrontmiir  liidititae  •f  Oritnlate.     1  rol.,  4liv 


Piu-i«,  n**?. 

TbvM  bl»t«rlM  t>v  Bnllly  lire  cooiUvred  fcr)'  untuuiitl,  Ui«  aatbor  bar* 
lug  a  t;railly  viuia^rrnlvil  u|>liili>ii  of  lli«  knowludgv  o(  tbc  anviunU 

LAtAXDi:.  J.  I'K  :    Sililiayiiiiihk  .ItlraHimuiar ;    iirrr   ntUloirr   da 
rj «r>ui> vmic  rfrj;ui<  lliU  Ju»iiii'i  mrj.     4[fl.     Karia,  IK):t.     $:i. 

LatLaCE,  p.  a :  Tl-ainf  tt«  Jf^iiigve  (Vrwto,    4  voU.,  4t«.    I'arii^, 

ThU  woric  U  now  ctpcmlnhatl  Uio  edition*  Wng  oxbautKd.    A  as* 
cditlun  i*  luoii  Ui  b«  liaaedi 


—  lixjioilUtinda  Sgnimeimlbmit.     Irol.,  4tn.    13. 


TlMlmiur  ituHiici>^<Mii  very  clear  popnlarapoiUloo  or  the  tiwaoTUia 
cdullnl  mollona. 

DKUMnitK:  H!iMitdi:rj»lroiiomUAiu*aine,    Svola.,4to.     Parii^ 
1M17.     04. 

HMoirtilt  rj»troHomir  in  Mogrn  Agt.    I  vi>L,4IO.     rnri^ 


1919.     83. 


IIi*t9iif  de  rAalrOKOBiit  Modtnt.     S  rola.,  4lu.      Pahia , 


lasi.    •&. 

BkMrt  dt  VAtlroHomk  an  dix  ■  hnUUm*  SiMe.    1  v(il.,4t«.    Pari%J 
ltK7.    ^. 

TliMC  h1*tor1i»  lif  DclRmbrc  otm^lnt  princlfinll;  of  ntatrada  of  Ilia  wrtl- 
lng«  or  all  emliicnt  DtlrDUomcii.  Dc-camjiaiilcil  by  a  rvnalac  oommm- 

Ukvn  lip  mill  I'Ha-i'd  tlirunuli  111  ru)'''''"' *"^"'- '"■'  It  Itnnly  In  (lie  la- 1 
Iroiluctuo  Vitas*  tlial  gi-Dcnil  liaw*  ufllic  jirngtoa  orihc  ickiiveai* 
ToudJ. 


LfST  OF  J8TR0S 


Tfcit 


5Sd 


EstcKR,  J.  F. :  Itie  E»\ftnmtiii  iar  Am««  wm  dar  Btt»  ma  rfcM  F^ 
MuiilnrrAjMiN^B  ran  ITOI  h(*y«Mlst     Ifilno.     Ootba,  I63S. 

i^  ffHuwfiircA)HiHg  rcii  l?ett.     lituio.     Uutlia,  1>S4. 

TlicM  Lwo  little  lioolu  ouiitalii  Kiickc'*  rocarclict  on  tlio  >o1nr  iwnillui 
tMdlliK  to  Uic  rvoull  ir.iTTU,  tai  Uiq  dbtauce  of  tile  tuu  lft,30U,UlU 
luilcs. 

IJJELBB.  Die.  LCDWIq  ;  BanAbiKh  iter  Mathattaludien  Had  nehnitpht* 

CAnixd/ojic.     tirgls.,0vo.     Ucrliii,  leU5, 

An  cibnuetlvc  and  commeiidiililc  vork  on  tho  nica*uret  Of  llfn"  ulufiUd 
hi  raiioua  countric*.  uii>veliillf  In  iwcli'Cil  Umta. 

WltKVKtJ^  Wm.  :  nitlety  of  tic  taducMt  Scirnttt.     LonduU. 

UeiPtctUU.,  StB  JutiM :  ItotulU  t/  jMlroHomiail  ObiervaUoiu  mud* 
dvring  lAe  rear*  IBSt,  '5,  'e,  ?,  "6,  at  rA«  Capci  <i<  Good  Jtope.  1 
vul.,4Iu.     LuDdoti,  1^7. 

SntvvK,  F.a.\V.:  £(iuJm  (TJitronomM  Sidtairt.  St.  PoWraliurg, 
1847. 

Ghaxt,  ItoBRKT :  nuiorg  nf  rkgileal  Atlrvnomy./ivn  llu  Earliftl 
Jgtm  Id  Iha  UtddU<if  Ibe  Sinclrcnlh  Ctrntury.     Svo-     LuDilon,  iriicl. 

BlOT,  J.  B.:    iUtSti  Mr  rjibitnonk  tniititat  d  CAlaotM.      Sro. 

LovKitiNa.  JottErn :  On  lAe  FMoititis  of  At  Atitora.  MMndn 
of  ihi!  Amoticau  Anuluniy  ot  AiU  nud  Sciriicca.     Itontixi,  1869 

ADdll§66. 

OuiKiiJt,  W.,  niHl  Gaujc,  J.  G.  ;  DIt  UtkUte  unit  beqitemiU  lUeihoie 

die  Haha  dnra  Comelen  ru  boreekiiM.     6vii,     Li'i|ui|;,  idiili. 

riiU  work  canloliw  ■  Ubie  of  all  orbits  of  com«ta  cotninildd.  liroui[bl  u|i 
to  thteaa  at  ansa. 

ZCtXSK»,DH.J.C.F.t  Vd>ir die SaturdrrKomrUK.  8to.  Leipstg, 
1978. 

DthlKiNO,  Dn.  E. :  KiiUtdie  Getdiichle  der  Priitdpien  da  M»Aanik. 
8to.     Betlin,  IWX 

ToDUUMTZR,  I. :  Biiturf  of  ihe  Malhrmalical  THrorift  of  Atlraftiim 
and  iKt  Ftjun  nf  the  Earth,  /mm  thr  I\m*  ttf  .Vtwfon  l«  Uuit  of  La 
I'liuf.    i  rola.,6vo,     LoTittmi,  1873. 


IU-WORK8  ON  TUB  PHYSICAL  ASFBCTS  OF  THE  PLANETS. 

BcmtOETSn,  J.  H. :  ItrilriigT  lu  dm  Kninftn  Ailratirimi»rtirH  ?nt- 
<ltcb»i^ini.  Utrtuagcgebm  ton  Sod*.  3  vol*.,  Svo.  Berlin,  17d^ 
tew.    Hi. 
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SCKXORTKK,  J.  tl. :  SettitoMpi>tT«pl^»eSt  IVfmmIt  Jiir  gtnautnt 
Kamlmim  Jer  HoK-IJiarhc.     4uk     Llllenthal,  ITDI,     13. 

-  AphTttdiloi/nipltUclie  FTagmrule  rwr  grnaHcm  Kmnlmin  it* 

FIoMtoa  rmiH.     4to.     IMmnlnli,  1796.     ^. 

Scbioetef'*  •tJ'lB  wo*  IntolrnbtT  i<rulli  mil  i]IITU>c.  w  Ibnl  a  clear  Mm 
of  Ibc  roMilU  be  rutlly  aLUiuiHl  lurulvca  no  uuaU  litMf. 

Bsnt,  W..  and  UIdlmi,  J.  U. :  PSytittlu)  BtotacXtuajm  A*  Jtfim 
M  MiiKr  O^jiotifioii  in  ^Erm&n- 1^30.     ISmo.     tlorliu,  11:30. 

Drr  iloHil   naek  teinen  ktMmiJKhem  aad  indirlduttltm   Ftr* 

kVlnittm.odeTAIlfTmtiMVtrtUiichauUSehmograpUt.   4t«.    Berlin, 

1837.  r. 

TU*  TolDCia  !■  accompuittd  bf  ■  lan[0  tiwp  Of  the  moon,  aail  U  th« 
niMl  coiu|ilclc  oDd  cckbratud  work  od  tFlcao|p«|ib}  wblch  bu  jtt 

Bkbii,  \V  ,  and  MXdlkh,  J.  II. :  nritrHfe  car  pky*inAci(  JTMatniw 
(ftr  Ainnn^iii^hm  HSrper  Im  Amnnnijittniir.     4lo.     Wriniar,  1^1. 

ZOUXBIC:  PKodHNCfrlfrAd  VnlertuehHUfm  mil  bimntrftr  BttititU 
an/  rfif  phsKUfkr  Backajfenkat  dtr  HimmtlMfir.     9ra.      hei^ 

Ekoklmaxm  :  Vthvr  die  tlelHniHUvtrhailmtM  dir  Jiipitentrahantm 
8-H).     Luipzig,  IS31. 

VOOKL,  H-  C.,  anil  Lonns:  RmhaehUvgrn  aagnletit  <mj  irr  Sttn. 
Mrrlf  lira  A'amnurfifrrii  ron  Sdloic  «■  BofAfcuMp.  3  pU.,4ta.  Lei^ 
sfg,  lBr2-7f.. 

]n.-R£CIt!<T  TREATISBS  OH  SPECIAL  SlTBJBCIll 

Tmk  StX. 

PROCTOB,  H.  A. :  TU  &n :  Buhr,  FIrt,  Light,  mil  Lift  nf  lA<  Pbm- 
liary  Sgilfm.    Svo.     I^milon,  tifJi. 

LocKTKR,  J.  N. !  foBd-itmioiM  to  Solar  rtjrrfw-   Bro,  London,  1874. 

SRCCiit,  A. :  Lt  S>W(.    3  vols.,  Bto,  with  AiIm.    P«m,  leit-'H. 

Tlio  latter  U  the  cdmI  complcM  auil  bMuUrullj  lUtutntGd  inailM  «■ 
Uic  «UD  wblcb  hat  jrot  appeared. 

Tbb  Hooir. 
NaSMTtii  ami  Carpextxr:   The  Moott.     LoodoD,  1674. 
ConUIot  vcr;  bcnullhil  IllaitmUoiu  of  Inn&r  tecoerf. 
FltOCTOB,  R.  A. :    7^  iloon  :   Her  Moiimt,  Jtptelt.  AwiMry,  mJ 

Phftieat  CMilili<m.     Sro.     I^ndon,  l^X 
Tbil  work  U  lUuitnttcd  trltb  mwni  of  Mr.  RuUi«rfiird'»  pbolognpb*. 
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OIjOSajUlY  OF  TECDNICAL  TERMS  OF  FREQCENT  OOOCRRESCE  IS 
ASTBOS'OUICAL  WORK& 

Tlte  foUoninK  list  in  bcllovcil  ta  inclndo  all  tlio  toBbiii(«l  Umn  n««d  In 
the  tii««4.'iit  work,  OS  wuU  m  a  tniiiiber  uf  otliun  whlcb  tlio  reaalcr  of  aa- 
tnnoiiiicnl  litornturo  will  frotjuciitly  tnoct  witli.  Tim  wanls  lu  puttDtllV- 
KW  wliich  MiniBtiiiiai  follow  a  t«nii  «x|>reai  ita  li[«nl  »\gaiSea,iioa, 

Abeimtiou  (a  wundn-fit^airnji).  QODenUlf  npiilict]  to  ■  ml  OT  npinuvnt 
ilevialUm  of  cIio  courw  of  a  ntj  of  li^Ll.  K>i|)ecliilly  (I)  an  BppBmBl, 
illiipliii^cnicTit  of  a  ktnr,  anliiji  to  Iho  prngi««»U«  motion  of  light 
blued nitbtlialufthornrih  in  ii? i>rbil,p. :iUS)|(S)tbadefeeHofactl«a< 
ft  lon»  in  not  briui^nj;  ull  niyii  tu  tlio  wmo  foous.  The  r^mipat  abtrrMam 
if  n  leni  revulta  iu  tlui  rnj's  wliicli  iioai  Itiroufiti  tlii-  e\aas  UMir  ita  edjt* 
WSiiug  to  n  Bhortur  fiivtis  Ibuu  tbudO  wliiub  jiusa  near  ita  twuttVfWbile 
tlm  rtiromatic  iibrrralinn  In  tbi<  iM'panttloii  of  ibo  light  ofilifferMil  colon. 

Aohromatio  {without  color).  Aiijilicil  to  an  objMt-glsM  in  wliieb  tuya  of 
ilifTi'tviit  uolurs  arc  brnaght  to  tiio  snmn  focoa.    Sm  p.  US. 

AeiDllte.    A  nielt'oiio  stotiu  or  other  body  falliug  from  the  ccUatin]  spAonL 

Albedo.  Dn^TVT  uf  n'Ml<iii<'SH,  i>r  )ir(ip<irtion  of  inolilcut  light  t*lt(«t«l  bjr 
ft  non-limilDon*  bmly.  Whon  thn  nHiinlo  of  a  bmly  U  tftlil  to  bo  0^  it 
nipana  thitt  it  reflects  ^  oftlic  incident  li^bt. 

Alidads.  A  movahlu  fiitiuu  I'lLirjiiig  tlie  iiiivruscopea  oc  vcniiera  of  a  grftd- 
iiikti'il  circti-.     Not  gMicrnlly  usi'il  In  iiistriiinviitd  of  raucnt  couatnietion, , 

Altitude.  The  apparent  nngnlnr  clovntiuii  of  n  bntty  ahor*  tbo  hortaon,. 
DHiially  expressed  in  ilcgnoa  oud  ininntca.  At  ttio  hariion  ibn  altltnda 
in  tvto,  at  the  ^tfnilh  it  ia  90°. 

AnnnlT  ( rin-j-tAojinl ),     Hnring  tbi'  nppeannoc  or  form  of  ft  ring. 

Ationwly.  Tbo  nngnlar  illitlaiico  of  a  planet  from  thaipulot  of  Itaortiil 
in  H'hicb  it  ia  noanuit  to  tho  lun,  or,  in  tho  ftncinDt  Mtrooiotny,  to  lb* 
earth.  Dmw  tn-o  ntraight  linwi  from  tho  inn'ono  to  the  neareat  point 
uf  the  orbit,  nr  tho  ]>ui'ihf  litiu,  atiil  Ihu  other  to  tho  plantt,  and  tbo  ao- 
t-h'  li><riv>-i<ii  th<>He  lines  ulll  be  ilie  iiiioiualy  uf  the  planet. 

Anomalisde.  Pi^rtaliiliig  to  Iho  nnnmnlj-.  The  nnomalliitle  yMT  la  tbn 
period  botn-eon  tvo  conaeciitive  rclunis  of  the  enrtb  to  ita  poriholiaik 
It  is  aboat  4'  IS"  longer  thou  the  alderi'iil  ji-nr. 
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Ana»  {hfnilt*),    T1i«i  n|)pAt«ot  ^ndn  «f  ibi>  rlogs  of  8atBni,  vhkh  look 

like  liuidlo*  proJtctiM)-  ffiim  ilip  jilniiPt. 
'Aperture  of  a  Tetetcope.    Tin'  dmitK-icr  of  the  ^Ims  <ir  niirrot  wkkfa 

iiiliiiilA  Ihe  myii  orligbt.cU'nr  of  all  ob*tacliH. 
Apb«Uoti.    Tbu  part  uf  tlio  urbit  of  a  plunul  in  vrhioh  it  u  fartliMt  ftain 

I  111'  Bllll, 

Apogee.  Tbo  pnint  of  An  orbit  In  vblek  tlio  fAaam  \»  forUiWt  fmn  tbo 
rank.  In  i\>e  aucieitt  Astronomy  lli«  jiluiirta  ir«To  Mkid  to  b«  lii  afxigM 
vili«n  b«}'oiul  Uie  siid,  aud  tlicrefotD  at  tbcir  Kroatrat  distauoci  from  tbu 
•utb;  but  Ibo  hrm  is  noir  applied  only  to  tb«  mart  dlnliuit  point  of 
tbo  moon'a  orbit. 

Apeia  (pL  ApMit).  Ttio  tiro  pointi  of  ad  orbit  wbtfib  are  tienniM  to,  nud 
Ikrtlieflt  from,  tb«  Miiire  of  motion,  cnllod.  trcp^ctlvclj,  tJi«  lu^vcr  ami 
Illgbtr  Dpsiik  T1i«  line  n^aptidfa  in  that  wbich  Join*  thwo  Ino  polcits, 
WidM)  foraia  Iho  major  niinvfiui  L-lliplic  orbit.  Tlie  Una  i*  now  near- 
ly uipcrvedtd  by  tbo  mora  spooUl  Imiuh  apMicn,  jirriA^IkM,  perigee,  otc 
Svc  Elements. 

AraatUttry  Sphere.    A  combtnation  of  circle*  tiaod  bcforo  tbc  Invontlod  ef 

Ibe  tvliw)u)io  fur  ilutGnnininK  tbo  relatlre  directjona  or  ^parent  pMU 

llona  ot  tbo  Ii«aveiil>'  bodieii  ou  Ibe  oelMtiftI  spborc.    It  u  now  cniintj 

ont  of  n«o.     Sen  %•■  107. 

AMrdabo.    A  »lni|>lv  form  of  anDllloi^'  sphere  naed  by  tbe  nooicat  u> 

trfinonirm. 
Aximuth.     The  ntiguLnr  dutauuu  of  >  paint  of  tbc  bnritoii  tnaa  tbo  nortli 
or  suutb.    Tbc  luimntb  of  a  harizoiitul  line  i»  il<  deviation  from  tlia 
true  uortb  and  Bontb  dlr«otiun.    Tbc  aEimuth  of  tbo  out  anil  w«at 
pflintK  1«1K)". 
Binary  SyMeia.    A  donblo  atAriln  trbicfa  Ibe  two  components  aiv  found 

to  rcvolvi'  rotind  oncii  other. 
Binocular  ( lien-iyed).     .Appticil  to  a  tdcocopo  or  niicnwaope  in  wlitob  botli 

(<;<■«  ciiii  bu  iiiiei.1  iit  utKv.  iis  an  ojivra-gluss. 
Slack  Drop.    A  diAiorumi  of  Mercuric  «r  Vnnii«  nt  tho  time  of  internal 

eontoct  with  the  limb  of  tbo  can.     ifoc  p.  ITO. 
Oastsainia].    Ret^koning  by  hundreda.    Applied  to  tliow  dcnominationttl 
aj^tenm  In  whiob  vikU  uult  la  una  bundtvd  timtw  tbat  ui'il  b^lonr  it. 
^^L  Ttia  contMinial  dlvi»liiii  of  tbo  ntiKb'  U  ono  in  nhiob  thi'  (]tiadnint  is 

^^P  dlrided  into  100  degrara  or  grades,  tbn  gnde  lnt«  100  lainntca,  and  the 

W  miiiuto  into  100  seconds. 

^^         Ctuouograph  (tinir-nnirl:).     An  instrnniont  for  tncaauring  time  by  mark- 
^^B  lug  uu  a  moving  papor  («eo  p.  1S7J.      Tiuo  l»  tbeu  rvpruaonlod  by 

^^■^  ■pari)  paiwod  over. 

t  Circl«,  Oreat.    A  circle  which  divldoa  tbo  apboro  into  two  cqaol  kNui- 

^^^  tlibcTCf,  M  tbo  ciiuiLtor  and  the  oolijitio. 

kj 
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ColnrcL  The  four  prliiolpal  mvrUliiui'  of  thn  cpIvmIh]  vplK^ro,  all  «f  vhkb 
pnu  bom  tbo  pole,  nnd  otio  of  whicL  invuca  tliroiigh  nnch  cqoiau,  Bod 
«ne  tbioogfa  codi  volaticc  Th^y  tuiirk  tbo  oirclu*  of  O*,  &,  IS*,  ft&d  18* 
(if  light  Mcenmou,  i*Bpiieii**Iy. 

Coojunotloii  (ii  joiiiiN!)),  Tli«  nnnrmt  appaiTOnt  AppTOaob  of  two  hraveniy 
tiixlivM  vliicli  MWia  la  poMi  rntch  otiior  in  their  cddiuc.  Thry  *ro  com- 
uiniily  ooDRlilercd  m  in  cpiiJunolioD  when  tbcy  bnvo  (be  name  loogitoilo. 
Tho  term  i«  appllnl  miioviimy  tu  the  cuw  of  •  pUnet  »ticl  Ibe  bud.  TTii; 
oconat  itppn>a<^h  in  callttl  aupfdrior  ruiijiinclloii  irheu  tbu  pluict  is  bu- 
yriiid  Llie  mid,  iiifeilor  when  U  In  tbi»  tide  of  1(.  Mereiir;  luid  V«Dtu 
arc,  of  coiiTfiC,  ibo  only  plnncts  vrbioh  con  bo  iu  infetior  conjunction. 

CoBDloal.  Rctallng  to  cnaliou  at  large,  :n  cod  trad  utibctiou  to  tcirea- 
trial,  irhioh  relates  to  tlie  «arcli.  l)y  a  cuKinical  )>li«iioiucuou  la  mMut 
oue  nhieh  hua  its  origiu  oat«it]«  the  earth  and  1I4  ahiiii<i|ihei«. 

OoISBJBMloo.  Tlie  pMUgo  of  ft  liM'milr  body  over  tbo  mivldlan  of  a 
plftoc  Tliin  paam^  mof  be  eonaidond  am  ooonirinjc  tnioo  in  it  day, 
once  above  the  pole,  auit  ogaiu  below  il,  twelru  houn  later.  Tbc  for- 
mer in  called  the  vpprr,  the  latter  the  Iuhw,  eulinliiatfoo.  Tb*  tippet 
vubiiltiatlon  of  tho  «un  oooor*  at  iionn,  tbo  lower  al  nildtilght. 

CuApi  (poiniii).  The  poiiilud  ends  of  the  aeoDilag  home  of  the  inoou  ot 
«f  n  ptnlI<^t  whnn  it  prencnU  tbo  appoaranoo  ofo  oreecoiit. 

Cycle  ielrvie).  A  period  of  time  at  the  «nd  of  whicli  any  aqtoct  or  raU- 
tion  of  the  bcnvculy  bod  its  recuni,  aa  the  Hetonic  cyole. 

DeeUaatlon.  TI14  anfcular  illHtnricti  of  a  Leavuuly  body  from  the  ei|uaLor. 
When  north  of  the  oqiiator,  It  Is  aald  to  Im  la  uenb  deolluatlMi ;  olltei- 
viae,  iu  aoath  doclinntioD. 

Deferent  Id  tbu  oiiciciit  astronomy  the  luoaii  orbft  of  a  p1ati«t  wblcli 
noil  HuppotH-<I  to  carry  tbo  epioycle,  It  i«  reprvneuled  by  Ibe  dotted 
ciri'leH  ill  KiKVlDiiiid  11, pp. 3H  and  39. 

Dlobotomy  {-i  cuiiiug  in  ru>o).  The  aspect  of  a  planet  wheD  half  IUbuiI. 
nntcd.  ru  the  mouu  at  Unit  and  loiit  i|niir[cr. 

Digit,  The  tvelftU  part  of  the  diometor  of  the  sun  or  tnoou,  fonoorl; 
used  to  eiprcea  the  uiagnitiido  of  oclipseii.    See  p.Sa. 

Dip  of  tbo  HOTlxon.  At  sea.  the  depreHsioii  of  the  apparent  horizoo  b«- 
low  the  tnio  level,  oiritig  to  the  height  of  the  observer's  eye  above  the 
wnter. 

Direct  MoUou.  A  motion  frotn  ireat  to  east  among  the  Btars,  Like  tliat 
lit  IbL>  pluuets  i[i  gGUvml. 

Bocenblc.  In  the  tincieut  astronomy,  a  oinl«  of  which  tlM  fientn  wae 
di^plMod  from  tbe  centre  of  motion.    800  p.  4S,  Pig.  13. 

Bocentilot^.    800  ElmeHt*. 

Coliptio.  The  apparent  path  of  the  snn  among  the  tlor*,  desoibed  in 
Port  L,  Chap.  I.,  9  3.    See  p.  13. 
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Cgreu  [d  going  forih ),     The  cud  of  the  appimot  tmoitlt  of  ona  body  am 

aiiuttier,  whuii  ttiu  fDciuvr  sMiiuit  la  leave  Ibe  latter. 
DomttDta.     [n  griiicral,  tbn  datn  fur  jirMlietlog  an  Mlrouotnlcftl  pbeuomc- 
IH'D.     FUpcL'inllf,  tbo  quanlitioa  vliicb  ilotormlnn  tbo  motion  of  a  ]ilaa- 
elor}-  bully.     Tbo  iDilcpoudeut  elcmuul*  of  s  plnnRt  nro  nix  \a  nauibtr, 
namol; : 

1.  Tliomnindi«tiinpf,i}rb(ilf  tbo  longer  axS8,<4P,  of  the  clIiiNW  innbich 
tb<i  jibinot  moves  rounil  ttin  snii,  tbo  latter  lioiiig  In  tlid  fuuus  Dt  S. 

3.  Tbo  rctmitrkUf,  tbo  ntlio  of  tbo  divtAnco  VS  botwocn  tbo  COOlm 
&nd  fucuB  of  tli«  elliiiBo  to  tbe  meAO  diatvioe. 

Tbesf  two  «l«aieiit«  dot«nuiiie  tbu  tate  aud  form  of  tbe  ollipUo  Otbit 
of  Ilw  pbtnot. 


FlO,  lit.— DIlCtiiD  llInaLrnllDEDlDplkdiTnicQU  alapUnoL 

3.  Tbe  loiiglliidL'  of  tbo  iMcutiiling  nodt^.  which  glvoa  tbo  direction  of 
tlie  lltiR  III  nlildi  tbo  pinuo  of  tJwi  orbit  hitTnertit  tlini  of  tlie  cclljitiOiOr 
tbc  niiKlo  nbich  tliia  lliic  makm  witb  tlio  vuriial  cciniiiox. 

4.  Tbe  iuFliimtiaii  of  tbo  piano  of  the  orbit  to  tbiit  of  tbr  rcliplic. 

5.  Tho  longitude  of  the  jieribolioD,  f,  fur  which  i»  lakr^u  tlio  luugitude 
of  the  iioiU,  pliM  tbo  tuigiilor  dlHtaiioe  from  tLo  uodo  ia  tlie  perihelioa, 
a*  Ken  tiata  tbn  gnn. 

TliMo  throo  <|Uiuititioa  dclomihic  tbo  poaition  of  tbo  orbit  in  Rpaco. 

6.  Tbo  mcwi  longitude  of  tbo  pUnet  at  souie  given  epocb,  or  tbo  tinio 
»t  nhicli  it  pUMd  tbo  perihelion,  I'. 

Tv.Uwaalx  llio  time  of  r«voliiili>n,  or  mean  angular  motiua  iii  ft  day 
01 TMT,  1*  UHiully  ad'tcd ;  Imt  m  lhi«  can  njways  Im)  dotcrmlucd  from 
tlia  meut  diatuico,  and  rim  ronij,  by  Kitplot'*  third  lavr,  tbo  two  arc  not 
ngaided  aa  iudependciit  elemenla. 

The  <]aaiititieH  n'o  bav«  tlr«or!b«d  ato  usaally  lupreaeatod  by  alg«brai« 
*j:mbnlR,  or  fullons ; 


0,  ihc  mom)  [IjkUacOh 

#k  (be  «ffeolrklIj. 

t  or  11.  ibv  Uj»i[IiiiiIi  of  tlw  not*. 

iot  f.  Ihg  incUnill'iii. 


Sorv.tli*  lODcltadanribD  prdbvllun. 
•,  tba  moMi  lodslinilf  nt  lonio  e|iucb. 
n.  IbD  mNn  nullan. 
«,  Oh  dlManca  (Ton  ooila  to  pcilballon. 
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Emptidtr.    Dovittiuii  frimi  n  Inily  olrcoUr  or  «ph«Tt(«l  form,  ao  m  to 

lit-i'iFiii«  an  nllljiAo  or  tf  )'<''"'''•    '^o  orbit  ti  Nud  to  he  morv  rlli^lic  tbe 

mote  tc  ilovl&tca  from  d  cirolo. 
BoDKKtlocL    Tbo  uppRnnl  tuignlu  duit»Dce  of  >  hoAj  froai  lu  mbUa  of 

motion,  na  of  Ueroury  or  Vmiub  frun  tlio  auD,  or  o(  »  kitolUU  (mo  iU 

pritnBT^. 
Bnanaloa  (a  ronlig  onI}.     The  reoppnoruioe  of  kii  ob)e«l  after  betog 

i>uli|Hipd  or  gtbor«iic  litddon  from  view. 
Dpbemeil*.     A  tAblu  giving  llie  puritioii  of  a  tiniVAiiljr  bodj  froia  da;  to 

dny,  til  order  lliut  uliMirver*  may  hciow  wboro  to  look  for  it.     Apidiod 

bLhi  ti>  lui  attnuioniical  ttlmaono  giving  >  eolioclion  of  Ruch  lnltiiM. 
Bploirole.     In  tiio  ancicut  attfunoiny,  n  siiinll  rtrclo  th«  Mdik  of  wbi«fa 

niuvca  iDuad  on  tlic  ciivumfen-'ucu  of  u  larger  uiie,  eBi>eciallf  tlie  circle 

in  (vhlrli  tbu  IhtM)  oulor  plaiiobi  M«iii«d  to  perform  lui  nnuaal  rerotn- 

tton  ill  coiiwqiicnr^  of  tlio  mvnIiiUon  oftlidEaTth  nrauud  tliwaiin. 
Bqnatlon  of  the  Centre.     Tlic  aagiilar  diatnocc  hj  nliicli  a  plaiwt  war- 

tug  iu  tta  ellipse  U  olieod  of  or  bebiod  tlic  mnan  pimltion  whirli  it 

would  oonipy  if  it  moved  nuiformlj.     It  u'iMi  from  tbo  cccculririly  of 

(be  olllpip,  vMiiatioa  nl  pcrilicliuii  mid  apbollon,  tuid  attain*  it«  graaiMl 

valni)  ntarly  balf-tray  Uvtwuen  tlioso  poluti> 
Bqnntlon  of  Time.    8(«  p.  I  Cti. 
Equator.    Thn  great  circio  bnlf-way  bctwoeo  tbe  two  polni  tn  tbo  uulh 

or  licnrcni.     Tlic  eclcttial  cqaalur  in  tbo  Una  EFia  Fig.  3.  p.  18.     8oo 

iilMri  ]'|i,  IU,  aud  118,  ItU. 
BquatoroBl    A  telMcopr  moiiiilml  no  u  to  foliow  a  atar  lu  Ita  appartrnt 

dlurniU  conni-,  aa  [Icjirrilu'd  on  p.  119. 
Bquinox.    Eilhrr  of  tbe  Ino  puiuto  iu  wbicb  tbo  sun,  id  iU  apparent  lui- 

niinl  oouriw  amoDg  tbe  Hlnrx,  cnnscs  tlio  «]tiatar.     Su  (^aliec) bocouM  tbo 

days  and  uightM  ur(>,  wbuii  tliu  miiii  is  ut  IbiHw  iioiiitb,  equal, 
BreotloD.    An  iiivquallly  In  virlno  of  wbioh  ibn  moon  oacillatea  altoni 

11'  nil  rncU  «id«  of  linr  mpBU  ponitiou  in  a  porioil  of  31  <lay*  19  bours. 
Eyo-pleoe.  of  a  lelcucnpc.     Tlio  small  glossiw  iiciuval  to  Ibo  oyo,  wbkh 

magnify  tlio  imagt^     Sec  pp.  1 1;  nnd  130. 
Faonls  (muitl  tarehti).     Groiipn  of  small  iliining  vpota  ou  tbo  rarfiico  of 

tbo  sun  wbicb  uro  I>rig)it<>r  tb;in  (>[b<>r  partH  of  tbe  pbato«pb<;ni.    T1i«y 

ani  gvnorally  •ncii  in  tlin  nuiffbt'orhood  of  thti  dork  spot*,  and  aro  sup- 

IMMd  to  bu  olcvatfid  portioD*  of  tbo  pbotnopbcTD. 
Filar  (madeofthrrad).     Applied  to  niicromotcmnBdaaf  apUerlineiL 
Foona  (o  fireplace).     A  point  iu  wbicb   uonrersliie  ntfa  ftU  OMeC.     Tto 

topua  of  a  telvaeui>o  in  rbe  poltit  at  wbicb  tbe  Imago  ia  foriaad.   See  p.  1 1 L 
Ovoceutilo.    Kvfi>rn>d  Ui  tbo  centre  of  Ibe  cnrtli.    Tlio  ^Mcontrle  poal- 

tlon  of  a  bi^avonly  body  i*  ita  poiittgn  as  aoen  or  uKuurod  tnm  Um 

etutb'a  oontn:. 
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Q^oSavf.    Tbci  nrt  or  mIodpo  ot  maimatiafc  t\u>  cnrtU  irlthont  mfcnnce 

i<>  I  III!  boftvonly  bodiM. 
OnomoiL    In  th«  aid  Mtmionijr,  tUe  style  of  a  mndiol  or  nny  oliject  tlut 

•hid«ir  efwbleli  U  Rica«t)tvil  In  urilur  to  Ii-ani  tb»  luaitiuu  of  tfauauo. 
OoMM)  Vmnbtr.     Thn  numbor  of  tlio  f  Mir  In  tlio  Mntoiitu  r)'ol«,  ooiiutod 

rrtnn  I  to  19.     S™  p.  iS. 
HolUo«l  (nlating  to  Ikt  tun).    AppliMl  in  the  Micivnt  MUonntny  to  Ibone 

rbiufpi  or  Kttjugi  of  bri)|;bc  aliira  wliicU  took  plocu  na  iii.>iir  tu  miiiiiae 

or  «>iii!it<l  aa  tlicy  miild  b«  obMTVcd. 
Hellocvntric     Kvr«nyiil  eo  thn  snn  m  a  Mntra.    AppUcil  to  tli«  posltiooa 

i>r  I  li'-  hiinvmily  lio(Ii«  iw  lovti  from  tbe  tavC*  eeutTe. 
BollometaT.     An  iuiilruiiii-iit  in  which  thu  ubjMt-jjIun  U  Mired  into  two 

pipinl  [iart«,  ruuh  uf  iliv  piiila  ruruiiri);  an  iiiilepeiideDt  imogn  of  ■  heaV' 

ciil,v  liLHiy  ill  tlie  fucn»i.    Wlivit  ilii'  Ino  pnru  nr»  tofptboriii  tMror))^- 

lliil  iiunllioii,  tlimo  ImiiKm  coliii^idc^  l>«t  by  uliiliiiic  i>iio  port  iiii  tin;  olbM 

thpy  mny-  bn  *cpaiBt«d  iw  fur  iw  U  dcBitnl  fot  tbp  pun>«u»  of  moaMii«> 

DMnt.    It  ia  mnoU  niKsd  iu  Germany  fur  miNiBiiriiig  dintixiiccfl  too  groat 

fortbi'  Dppli«atlou  of  A  (lluT  micrometHr. 
StUoMat     An  liiatnimniii  in  nhicli  a  mirror  ia  tnoveil  hy  clock-work  in 

•aeh  a  wsiy  an  to  rcllrct  tlio  rajn  of  Iho  anil  In  a  ilx«d  (lii^ctluo,  notwttb- 

•Undiiitt  tlio  dinnml  nioiioii. 
HoUotrope.     An  iiislriiiiipiil  iiitviitnl  by  OntiH  for  tlimirmit  n  ray  ofnun- 

li^LL  in  the  di[«ctioti  of  a  illaCaut  titatiou.    It  ia  much  luctl  in  geodetis 

laratiimiieiitK. 
Bour  Aug]*.     Tho  diatan«A  of  a  heavenly  body  trom  the  moridian,  neoft' 

nn^l  I'v  lUf  anglo  at  llie  poln.     It  ia  commonly  ri]>iv«Mul  In  tiiuii  by  the 

niiiiilicc  ofbouri,  niiuntca.  ele,,  ainco  tlio  timly  crourd  tlic  mprlihaii. 
ImmerBloo  (n  plinfiuj)  in).    Thu  itlaappoaiaiico  of  a  boily  in  tlio  ahadoir 

of  iiii>ili<-r,  or  behind  it. 
IncUnatton,  of  an  orbit.     800  Elfmmtt. 
lupeaa  (•  going  in).    Tho  commonootnont  «f  the  traant  <if  ona  body  «var 

tlio  tour,  of  another. 
Latitude.    Tin?  anj^ular  di«lauco  of  a  bcavunlj  body  frum  the  ecliptic,  aa 

il'-r|liia(>uii  U  dihtaiice  from  tho  «qnatar. 
Iilbiatlon  {a  tloa  iKiii^ny,  aaof  a  AhJiihod).    The.  inrminjc  aliglit  oBvlllathiM 

of  thu  moon  amund  bet  nila,  by  which  no  ■otaetimce  eee  a  Ultlo  011  mi« 
'    aiili*  iif  bcr.  and  sonietiincn  on  the  other. 
LoRcttuds.     If  a  iwrpendldtlar  lio  ilrupped  from  a  body  to  tlie  ecliptic,  Itt 

crli'Bllal  Itinjcitnde  In  tho  dialnnco  of  Ihn  foot  of  tbo  ]icr|WDdlcn)ar  from 

tho  vernal  equinox  counted  towarda  tbo  eaat. 
LuiiatloD.     Tbe  (loriod  from  one  ohaDf^e  uf  tbo  moOD  to  Ibe  uoxt.     Iti 

duration  ia  t£it  du>a,  ur.  mure  exactly, 'Ji).&3»M7t)  days. 
Uaaa,  of  a  body.    TLu  (|uaiiClly  of  uaitor  coat*lD«d  in  it,  aa  measnrod 
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hf  lu  w«<ljtht  at  *  (^w>  pU«r.  Mua  diOcni  from  mijitit  in  tkst  llM 
lattct  U  dilTotTOl  in  diHumit  places  e\en  for  Ibo  aame  bodj,  dependhif 
on  llw  iat«tiBil7  of  gravity,  «be»M  tlie  ROM  of  s  body  U  neceaurily  Um 
snnivi'Vfrj'niH'ra. 

H4HU1  DlaUoo*.     Soo  £(emml*. 

Mvrtdlfto.  Till.'  trrrcitriAl  meridiftn  of  n  placA  in  tlia  north  and  Math 
vertical  ptaui'  pitaniDg  tluTOugh  lliat  |itAcc,  ur,  lliB  gTvat  circto  iu  wbtoh 
UiU  plane  iiit«nMlB  ths  oelMtlal  qibeiv.  Ii  paMO*  tliruu^li  tbe  poI«, 
tbo  wnltb,  Bud  %h»  iigrtb  uiil  MOth  point*  of  tb«  boriion.  Cclnailal 
nwridiuM  nra  grcAt  oirolM  poadng  ftnon  oue  p»lu  of  tlii'  beaTcn*  to 
tlie  otbw  in  »U  tlirMCiotia,  aa  akown  in  tig.  H.  p.  HS.  Kwrjr  ccl«*- 
Ual  meriiliAQ  colndilna  wlUi  tbo  iMTMtrlal  inoridian  ofaaaa*  point  vm 
tbn  rarlh. 

Motoolo  Cyolft     8on  p.  48> 

MlonMneter  {tmall  mearurvr).  Any  inatmment  for  tbe  oecnnt* DHaim> 
QicEiL  uf  Tur>'  Biiioll  (liHluucaa  or  auglea. 

Hadlr.  Tbe  poloi  of  tba  eoLeetlal  apiiero  directly  beucaUi  our  fuet,  nr  !!■• 
ilirMlion  exncUr  dowiiiranU. 

Nodv.  Til?  polut  in  trhlob  on  orbit  LntOTaeota  ilia  acliptlc,  or  Mber  plan* 
i>f  n>A'reiic«.    Soo  MltmmU,  and  p.  2X 

Huudoa  A  very  aouU  oocillaUon  of  tli«  dlrecdoQ  of  tbe  eartfa'H  asia. 
It  true*  (mm  the  fact  tbut  tbo  tatrai  wliicb  prodiico  tbo  pNOMatMi  of 
tbe  «iuiuuxe8  ilu  uot  act  uiiifunuly,  and  amy  iberefore  be  eonMmi  M 
tlin  iiiu<|iiiii1il.v  i>f  procoMioii  ariaiug  from  (lie  iDe(|aality  of  Ilia  loroo 
vlii(ib  produce*  It. 

ObIat«.  Applied  to  a  round  body  vrbicb  difinni  ttvta  a  spfaeto  In  being 
ftiillvDcd  at  tbe  pului,  as  iu  the  caau  of  tbe  ««rtb. 

Obliquity  of  tbe  BoUptlc.  Tbo  incliiiaiieu  of  the  place  of  tlio  (qiiatar 
to  tbut  of  till!  firllptlr,  wliicb  )■  r>i)unl  In  batf  Iba  dilSpreilCu  between  Ibe 
l(rvat^'t  meridian  ultitndo  of  the  mm,  wbicb  ooeim  about -liiiio  :tl  si,  aail 
tbe  leant,  vrbicti  ocouni  about  DMurubor  Slat.  At  the  beKtnniiiji  of  1(M 
ila  value  woii  abuut  33"  'i7i',  aud  it  la  dimluisbiiig  at  tbo  mte  of  abo«t 
■17"  |ier  CDiiliiTy. 

Ocoultntion  (a  Udlng).  Tbo  diiappcAraiicn  of  n  dlntaiit  body  ibroogb  III* 
liilirpo^itlon  of  n  nearer  one  of  ^entrr  angnlar  inapiitiideL  AppliMl 
rapM^ially  to  tbe  oaiw  of  the  moon  piissing  orer  a  atar  or  plaiMi,  and  l» 
that  of  Jupilur  bidiug  ouii  of  hi»  aalellitea. 

Oppoaltton.    Tbe  rclattoi)  of  two  bmlifw  In  fijipuMie  diivctlona. 
]>l»tie(.i  ant  said  to  bo  in  oppoaition  itlu-.n  their  longitude  diflcra 
friim  (hat  of  the  inn,  ■»>  tbat  they  risK  nt  eunvt,  and  iwt  at  snuriae. 

Orbit.  Tbe  path  dcocribed  by  a  plauel  around  tba  aun,  or  by  a  aaUUlla 
around  ILb  primary  plaiict, 

FanUUz.    The  dift'oraaoo  of  dlioctlon  of  a  beuTBiiIy  body  aa  (mq  bom 
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two  ]>o1d18,  08  the  cuotiD  of  tli«  caitli  and  tome  potot  on  ita  turfiua. 

SooPut  II^CIiiip.ni.,f  I. 
Pandlela     lumgiaiiTr  eirolM  oa  tlw  earth  or  in  tho  hMVcna  jiarAllp)  bt 

the  cquitlor,  >uil  liUTuig  thu  pole  ma  tbcjr  ecnlns   Tlio  imntllct  of  40^  K. 

ia  uiju  nhjuli  la  ev^rywhun  40°  frooi  the  uqualor  wid  50"  from  the  Qonh 

IwUv     Si'O  Hr-M,  p.  149. 
PfiDiimbra.      A  pnTtinl  iJiadottinK.      Applied  gaOMOll}'  lo  oBaw  whoro 

l)i;lil  is  partially,  but  uol  outinly,  cut  utT. 
Pori-|>tair).     Ageiietui  prcflic  to  (IeDuI«  the  point  at  whicbBbodjrrerolr- 

Injc  ill  orbit  eotDM  ncanwt  lie  centre  of  molion ;  aa,pmlietHm,tlie  jwiut 

neamt  tlio  aon;  fWriyop,  thnt  ncarctt  tho  earth;  pwi-Sahirmuni,  that 

octuut  the  planol  Sntam,  etc. 
PortnitMUouL     A  diiturtmuco  iu  the  reKuloi  DllipUc  r>r  othpT  mndoii  of  a 

be*T«nly  bodj,  pr<Mliiccd  by  Homo  forvo  Euldiliou^il  to  tbat  « liiah  canwn 

lU  rpgiitor  motion.    Tim  i>c<rtutbutiuiift  of  tho  pluuets  ue  catmuil  bj 

Ihcir  attrnction  oa  each  other. 
Fhotooteter  (liyAi'mnunrw).    An  iuHtrumont  foreitimntiiiff  tho  liitrnaltj' 

of  lij-bt.     The  DuoibiT  uf  kitidiiof  ]itiuloinclci*  i»  very  gn'ot. 
PiaeaaalOD  of  tLe  Bqulnoxeo.     A  luotiuu  of  tbe  pole  of  ilio  cqaatoc 

DToiiml  tlint  of  the  oollptlelu  about  iHiOUO  jean.     Sm' pp.  lO.Gi.eS. 
Prime  VertiCBl    Tbe  vertical  oSrelo  paaeiiig  doe  Met  aikI  WMt  throu);h 

the  tcDitb,  and  therefore  liitonwctiog  tbo  borluo  in  Ite  ewit  and  vofl 

puinU. 
QuadratuTft    The  pooitioiu  of  the  noou  when  iihe  in  90°  hwa  the  huu, 

noil  ibtivforo  ia  her  Unit  or  lut  qnarWr. 
Radiant  Point    That  jioiut  of  the  beaveu  from  nlilch  the  uetoon  all 

M'liui  I'j  diverg*  durinj;  a  meteoric  nhowcr.    8oo  p.  390, 
RebactioD  iu  bmikimj).    'J'ho  bending  of  a  my  of  ti|{bt  l>j  poosiug  through 

a  m-'diiim.     Atironotniral  rrfracUati  meauH  tho  reftaetioii  of  the  light  of  a 

iKsi-fiity  body  eansod  by  tho  atmoiqihcre,  as  do§crlbed  on  p.  3U0. 
Retzograde  (baekTmrA).     Ajiplicd  to  tho  mottOB  of  a  planet  fTOln  eiaat  to 

mfbI  itniou);  tho  Btani. 
Saroa     A  iwriod  or  cycle  of  18  yean  11  dajn,  in  whiob  ectipnos  rcenr. 

Jwi-  p.  :Hr. 
BuiataXatlati  {a  twinkUag).     The  twiukliuy  of  theetHn. 
Socular  (retating  lo  thr  u|iu).     Appliml  to  tlioM  ohanfCM  In  Ihn  planetary 

■•r1>])(i  whlcti  ie(|Uire  iaiiuoiiHi  jwrloilii  for  their  completion.     Sev  p.  90. 
Seteaogiaphy.    A  deecrlplIoD  of  tho  surfnee  of  tho  luooo,  aa  geography  ia 

a  doxcription  of  tho  earth's  ■tirfaee.     We  might  call  It  luuac  geography 

hut  for  tho  etymological  absurdity, 
limit mlnuT     Couuting  bj  hIxIIm.    Applind  to  thone  denominate  *ya- 

t«tu  In  which  one  antt  Is  elsty  time*  tho  uusC  iuferior  one,  a»  the  uaual 

(nbdiTieiou  of  limo  nod  are. 
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Sextant  Tbe  rixtU  pttrt  »f  •  cirannfetMiM.  AW  aa  {aatniiiiMit  raacli 
iiM^  ill  jMMtlcAl  natrDUoiur  nniX  navigaUoa,  fertile  KAdy  auDBuninciit  of 
tlx'iviiiriilM'diaUBMaf  tvopoint*,oTi>f  tli«altiluil«of  khmvsaljr  bodj. 

81d«i»al.  BdatlDf  to  tbp  Hm*.  fiiifivaiJ  tim«  in  lime  rarMurod  by  iIm 
dinrnal  revolution  of  Ibe  Bton.  Each  nuil  of  udertol  timo  u  sbiNit 
■ijttli  pari  shorter  ili&n  tli«n«ual  oiie.    S««  p.  US. 

Sign*  of  tlM  Zodiac  Tlio  IwcIto  oqiuJ  parte  Into  whldi  tbc  oclipUo  or 
itidinc  wiw  diviilnl  by  tlio  oDoicnt  MtroiiDmcm.  Tlieae  ngnki  bogia* 
niiiu  at  llio  \oniAl  equinox,  on: 


A'tf^  Ihv  \iaTa. 
Turv,  Um  Hull. 
OmMUteTnlnt. 
Ommt.  Oa  Crab. 
£«.tbc  tXan. 


JUm^lMBahMfc 
AmivAm,  Ibt  Sewploo. 
aVtMHMMlis  AHbW. 
^ItaOoaL 
t  Iho  Watar-bouar. 
n«ai,acnah*a. 


BoiUlow  (i(Mdiii9^a4*  <>^l)i<nia).  Tboaa  potnta  of  tlio  Mlipiio  whieh 
ani  niMt  dUUnt  fWiin  ttii;  rijuator,  aud  Ihiougli  vliiati  t>ic  huh  poMM 
slioiit  June  SUt  and  Dd^cnlipr  SUt<  So  oallod  becaiiip  iIm  am,  IiatIok 
ttii'ii  atULiicd  ila  grvntuiC  il«:linatSDD,  atojM  jta  molioo  in  dcclinnlioD, 
and  tiegluN  to  ntutn  towards  ttiii  cpiator.  Tbo  tvo  ncrisUcca  u«  dMig- 
tutcit  aa  tlioac  ortiuuiiuM  and  winter  rotpcailvelf,  ttia  flrM  being  in  6 
lioiira  uiid  t1i«  SMOiid  ill  IS  bonra  of  rlgbt  aaooualon. 

Sothlc  Pariod.  That  in  wfaiolk  tiM  Enypl^OQ  J^u  of  3fi>  da;a  con«*|«and- 
hI  \n  MKcewioa  tu  all  the  aoMona.  Tbe  eqninoctial  year  being  anppoacd 
lo  )jp  SCTii  ilBj-a,  Uiia  porkid  n-uald  bo  ll6t  yetm,  bnt  it  b  nvHy  loBg«i. 
ScL'  11.47. 

BpeculuD)  (a  mirror).    Tbc  coacavo  nilrror  of  a  roflectlng  t«lMC<opo. 

StadoiiAiy.  Appliod  la  tboM  oapcct*  of  tbo  plaueta  accnrnag  bolvooa 
lliu  |>Fiiuilfl  of  direct  and  retrograde  ffloliini  when  thejr  appear  for  a  tbott 
liiiiu  Du[  t>i  iiiiivo  rvlaitvcly  to  the  atata. 

Synodic.  Appliril  lo  miiToiiutnla  nr  iwrlods  ivlativa  to  tlici  aan.  Tb« 
sjiknIIo  movumcut  of  a  planet  ia  tlin  anionnt  by  irbicU  Da  laoUon  BX- 
crcd*  or  folU  sliorL  uf  that  of  the  i>arth  muiid  tbo  ann,  irliilo  it*  aysodh) 
]icri<>d  in  the  tiino  wliicb  olapam  bplnr«ii  two  eonaocntive  retuma  to 
irifchiir  nr  «iipr>rl«r  coiijundiuii,  or  tii  uppMitinu. 

SysysT-    ''*'"'  point' of  the  moon'a  orbit  inwhieb  Ul«  eitber  new  mood  or 
full  maun.     Tbi?  liue  of  tbc  aytygics  is  tliAt  whloh  pOMoa  tbrMgb  I 
puiiilK.  ciuHting  the  orbit  of  tlis  inouti. 

Tennbutor.    Tbe  bouiidlntc  lino  betwMD  light  and  darkaenfia  tlio  i 
ur  a  planet. 

Traaalt  (o  /HUtin^ncrtiai).  TIir  pninago  of  «D  ott|Mt  aorow  aoHM  Gxod  line, 
aa  tho  mrrlilinn,  for  exatnplo,  nr  between  tbe  eyeof  aa  obaerver  and  U 
appnriMitly  torger  object  beyoud,  >o  that  tbo  nearer  ol^ect  appean  on 
tbo  face  of  the  niuro  diataul  utie^    Applied  wpeoUUjr  to  paoMgea  of  Me^ 
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ciitT  ftbd  Vcniin  ovrr  thn  dUk  of  tbo  BDii,  snd  of  the  Ht«UtUu  of  JnpIUc 
ovrr  tin  ditk  of  llio  jilatict. 

Ihepidation.  A  alow  oicillation  of  tlii*  coli{itk,  having  n  purjod  t-f '000 
ymn,  iuiugiuiHl  by  tli<»  Arabian  ■Btrououieni  (o  acKiUut  for  the  diitionl- 
mice  In  Ibo  drWrniiiiatloiia  uf  l>tiu  |)ii>(.'C>Mioi)  of  the  Miiiluoxea.  In  coii- 
Reqnotico  of  IhU  motion  thn  <iqnIiioK  iriu  tiijiixuiod  lo  oucUIkI"  liiwKwatd 
and  fiffm»rd  tlirougli  a  ■jiimu  of  ubout  Iwculy  ilcjjrwii.  Tbu  irejiidiilion 
coiitltini-tl  to  lif^ini  iu  ualrououiicot  taliiiM  uotil  tlif  (.-ud  of  the  sixlMnth 
Mnliiry,  biil  It  U  uow  Ifmin'ii  l»  tiavo  no  fuiiiidattuu  hi  fnoL 

Uiabnt  (ti  thadow).  That  dnclci'sl  |iarl  of  Uie  ihadow  of  na  o(^«at  nb«ra 
uo  i>art  of  tbu  lumiDoui  ubjcct  cbu  be  *eon.  ALmi,  tbo  interior  and  durk- 
tat  i«ul  of  a  Min-R]M>t . 

▼onical,  Angl*  d  TIx^  Miiall  aii):t«  by  wliich  tbo  iriil  dirpclioii  of  the 
MHb's  <>4'nlr«  fmm  sn;  point  an  ito  unrfiion  dllfi'n  lYimi  thiit  M'b|i;!i  it 
dingily  dovrnward,  tui  imiicntt'd  by  the  plnuib-lino.  It  urlM'*  fi'om  th«i 
cliptidlf  ufllin  uaitb,  vuiiiflLcn  at  tb«  rciautor  niid  polua,  utlU  alliiiiia  its 
gKali.'i't  vnliii>  iif  Bliout  M'  nl  llio  liiliiiiilo  nf  4&*. 

Vortmx  <ii  ifliirlpuol);  pt,  y<iiiicai.  'I'lip  tlii'ory  of  rortloMi  in  tlial  wliick 
aM[inicd  the  lirawiily  boilip»  to  bo  cnrrlcd  round  in  »  whirling  fluid. 
8cop.T3. 

Zsnlth.  The  point  of  the  CL'tiulial  iqiborw  nlticli  ii  dlrccUy  ovcrhetwl,  and 
from  wtiieh  n  ptiiuib-iine  fallii,  The  gaKmtrie  MuUlk  b  llio  point  in  irbicfa 
ft  alraight  tinu  ridin};  from  tliu  ooiilrr>  of  tlw  earth  tntenwot*  tbo  celMtlal 
■plitiTft.  ]l  ia  »  lillio  iii'nii^f  tlin  cninilial  eqnntnr  than  thn  apparent  or 
aalrononilcal  Muith,  owing  I«  tbe  cUiptioit;  of  iho  earth.  8co  IVlKnl, 
Angtf  of. 

Sodlao.  A  beUccjctrolini;  thehMtyinaoB«MhRido«f  thccdltplio,  nitbla 
wiiich  tbu  lai^T  pUuctti  idivaj*  r«iiu»[n.  It*  brcodtli  )»  gcucraliy  coai- 
^d«r«l  to  be  abimt  risteea  dogtves— oight  degaxa  on  cacii  oldo  lliu 
eoUplic.  Ill  liin  oldor  ulroitoinjr  it  vh  divided  up  into  lirelvu  part*, 
ull«d  tignt  of  iht  twUac. 
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WaUkSATtOS  OP  THE  STAR  MAP* 

Tdibik  mtpi  abow  all  lb*  lUn  to  Iho  fifili  masnitode  inolosin  !•» 
l«eMi  Uk  Dortli  pala  uxl  «r  mniiIi  dMllsktiw,  i1m  Moddla  af  Mcfa  iin|l. 
OTlMiifbig  la  SO'  doeliiiaUod.    Tlipy  ilimlan  indvda  all  Iha  itan  «U(ft'l 
Dan  hm  i«iiill);  ntni  «ilh  Uie  uaKmI  pj*  in  tmt  Utittiilo,  extrpt  iIm  Tvty 
MnaOnL     Tlii-y  atr,  (at  tbv  >hjbI  |«r1,  fuuaileil  vti  Upu'b  JJIoj  lirlMli 
atiil  Ibe  e*talag«a  aatiMppaDTlng  tt. 

To  raeORnii*  llw  conawUatldiiB  oii  Iba  nutp*.  nferonm  may  Im  bad  La 
tlur  lUaeril'lIfni*  «il  pp.  41^-lK-  To  find  wbal  ctnaHlIallniw  wc  on  Uw 
nuvliliau  at  nn;  liniir  nf  any  Any  In  tbv  trar,  it  m'M  b»  nMooafy  lo  nt- 
onlaln  tb»  aldmial  tinio  by  tlic  pmvpu  do  p.  t.^1 ;  tbe  (ntnapanaUng  boBT 
of  Hlfbt  ncciudon  it  lluni  hi  lie  suiigbt  nnmail  llie  niar^  vtMap  I.,  and 
at  Ihe  Ii']>  mill  Imdi-rn  i.f  llir  ollUT  ronli*.  Then,  if  Map  I.  lie  belli  wilh 
thh  Lour  upivarilfi,  it  nil]  show  Ibe  exact  position  of  the  norlbem  conetpl- 
latiiuiH,  while!  cm  Map*  II.-V.  it  will  bLok  the  i>osilion  of  iLe  mcridjoii. 
Each  of  tb'.'-ic  four  lant  iiia[iH  extcoda  aboat  from  the  zcaitb  to  tbc  south 
horizon. 

Till!  novoml  tlat'M  on  tbc  ecliptic  show  the  positioiiH  of  the  huu  duriag 
ila  aji]iu]'<'iit  annual  counw  an  descrilKd  In  part  i.,  chap,  i,,  $  3,  aud  ei- 
plairiwl  on  pp.  M,  Tvj.  Tlie  apjiarcut  patli  of  the  moon  in  1877  is  markrd 
out,  in  or'ler  to  iiliintrato  {  G,  p.  31. 

To  illiwlrnto  preccsHion,  tho  position  of  (lie  equator  2000  years  ogo  ia 
aboivii  on  Map  II,,  whpro  it  can  he  compared  nilh  tho  present  position, 
marked  0'  on  the  sides  of  Maps  II.-V.  For  tho  samo  object  the  circle 
whicli  tljii  celestial  pile  seems  to  describe  around  tho  polo  of  tho  ecliptic 
fu  2.'>,000  yi-ars  is  shown  an  Slap  I. 

The  irnall  circles  marked  here  and  there  on  tho  maps  show  the  poaitions 
«f  the  mure  riinarl.ablc  nebula)  and  star  clusters,  a  list  of  which  is  giveo 
lu  Ku.  HI.  uf  tlu  Apiii'iiilix. 
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